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September  1 ,  1932 


State  of  Montana 

DNRC 

Attention:  Ms.  Peggy  Nelson 

32  South  Ewing 

Helena,  MT  59620 

Re:  Final  Report  -  Production  Well  Grant  =551-811 

Dear  Ms.  Nelson: 

This  report  is  the  followup  of  the  status  report  issued  February  12,  1962, 
and  is  issued  as  a  final  production  well  report.  At  this  point,  financing 
has  not  been  established  for  the  "Agricultural  By-Product  Plant".  It  is 
the  desire  of  the  grantee  to  re<}uest  extension  to  June  30,  19S3,  the  pro- 
vision of  drilling  the  two  injection  wells,  if  it  were  to  the  pleasure  of 
the  Department  of  Natural  Resources  and  evidence  of  adeouate  and  cc-:'5"e 
financing  be  established.  This  request  is  referenced  as  to  Grant  A-e-i"=-:   ^ 
dated  March  25,  1932. 

The  production  well  development  was  performed  under  Permit  #32593.  The 
drilling  was  performed  by  Liberty  Drilling  of  Kalispell,  Montana.  Results 
and  logs  are  contained  in  this  report.  William  E.  Nork,  Inc.  perforr.ec 
hydrology  consulting  services. 

We  are  appreciative  and  wish  to  recognize  all  the  efforts  of  Mr.  Son»ieregger 
and  Mr.  Donovan  of  Montana  Tech  for  their  interest  and  help  in  the  data 
development  and  assessment  of  the  well. 

The  financing  of  the  "Agricultural  By-Product  Plant"  has  aeer  and  continues 
to  be  actively  pursued  in  the  money  markets.  This  effort  has  had  its  share 
of  frustration  and  difficulties,  however,  the  intent  is  to  continue  to  pursue 
for  the  forseeable  future.  It  is  our  opinion,  as  evidenced  through  our  efforts 
to  establish  the  plant  concept,  that  this  type  of  industrial  development  is 
crucial  and  necessary  for  Montana  to  develop  and  to  enhance  the  -'ndustrial 
and  agricultural  economic  structure  and  provide  a  nedge  against  the  inflationary 
effects  of  energy  costs  within  the  state.  Extensive  preliminary  engineering  and 
marketing  studies  have  revealed  the  following  facts: 
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1.  Alcohol  fortified  gasoline  receives  a  federal  4(i  per  gallon 
excise  tax  exemption.  Many  states,  including  Montana,  have 
added  additional  tax  benefits  to  encourage  alcohol  use. 

2.  A  ten  percent  energy  investjiient  tax  credit  applies  to  proposed 
plants  and  facilities. 


3, 


10. 


Decreasing  petroleum  resources  are  steadily  increasing  alcohol 
demand  and  price. 


4.  Increasing  demand  for  high  octane  will  accelerate  the  price 
differential  between  unleaded  gasoline  and  premium  fuels. 

5.  There  is  a  well  documented  need  to  decrease  dependence  on 
foreign  oil  imports. 

6.  Ethanol  production  in  the  U.S.  will  increase  by  500-{.  in  the 
next  ten  years. 

7.  Foreign  oil  imports  will  increase  by  9^  in  the  next  ten  years. 

8.  The  geothermal  water  source  available  at  Site  No.  1  will 
produce  30:J  of  the  heat  energy  required  in  the  process. 

9.  Vital  glutens  as  a  primary  by-product  will  be  a  profitable 
operation  at  current  prices  while  competitive  with  foreign  imports 


An  in-plant  produced  fungal  amylase  used  in  conversion  will 
maintain  plant  efficiencies  and  turn-a-around  time  at  highest 
possible  levels. 


n.   Fungal  Amylase  as  a  salable  by-product  will  be  highly  profitable 
at  current  prices. 

12.  Distillers  dried  grains  with  preserved  vitamins  Are   a  superior 
beef  and  dairy  cattle  feed,  and  Are   regionally  competitive 
with  fundamental  cattle  feeds. 

13.  Purified  Liquid  Carbon  Dioxide  will  be  a  profitable  by-product 
salable  to  identified  gas  manufacturers  and  others. 

14.  The  sale  of  small  quantities  of  specialty  organic  by-products 
such  as  Amyl  Alcohol  will  make  their  extraction  profitable 
and  simultaneously  assure  ethanol  product  quality. 

15.  A  multi  by-products  grain  processing  facility  has  a  distinct 
operating  advantage  over  its  traditional  market  rivals  in 
reduced  per  pound  product  operating  cost  and  final  sales 
efficiency. 

16.  Product  percentage  splits  can  be  adjusted  to  accomodate  minor 
market  shifts. 


The  Hot  Springs  site  approaches  the  geographic  center  of  western  Montana 
and  is  in  the  current  traveled  route  of  grain  raw  materials.  The  plant 
would  consume  about  5%  of  the  current  production  of  wheat  and  3.5%  of 
current  barley  production  from  the  16  surrounding  counties.  Unplanted 
land  exists  that  would  provide  well  in  excess  of  this  plant's  needs  if 
placed  into  crops.  1978  cattle  statistics  indicated  in  excess  of  450,000 
head  exist  within  the  area.  It  is  anticipated  that  71  people  will  be  re- 
quired to  operate  the  plant  and  that  payroll  including  taxes  and  benefits 
will  approach  $2,000,000  annually.  The  annual  sales  volume  is  expected 
to  exceed  $45,000,000  with  the  first  three  years  of  operation. 

The  long  term  growth  plan  is  to  develop  six  additional  sites  over  a  ten 
to  twelve  year  period.  It  is  estimated  that  a  total  capitalization  in 
excess  of  $180,000,000  will  be  required  to  support  this  growth  and  loan 
requirements  in  the  area  of  $70,000,000  to  accomplish  the  seven  plants 
in  the  period  would  be  necessary. 

State  government  has  been  ^ery   helpful  in  the  development  of  this  viable 
industrial  concept  and  we  wish  to  recognize  the  efforts  of  the  Governor's 
office.  The  Department  of  Natural  Resources,  The  Department  of  Health  and 
Environmental  Sciences,  together  with  the  EPA,  The  Department  of  Agriculture 
and  the  many  other  involvers  who  have  assisted  the  effort  to  date.  Our  goal 
is  that  these  efforts  will  yet  result  in  a  fruitful  result  to  the  State  of 
Montana  as  well  as  the  corporate  entity  of  Materials  Development  Inc.,  which 
has  put,  and  continues  to  put,  such  tireless  effort  and  resolve  to  this  plant 
development. 

Last,  but  not  least,  our  personal  thanks  to  the  Management  and  Staff  of  the 
Renewable  Energy  Bureau  for  the  sincere  and  dedicated  support  and  assistance 
in  bringing  about  this  grant  and  their  guidance  and  thoughtful ness  through 
the  efforts  accomplished  to  date.  We  look  forward  to  your  response  to  our 
extension  request  and  respectfully  submit  this  report  as  justification  of 
release  of  funds  expended  to  date. 


Respectfully  yours, 
^'    Thor  y^kola 


TAJ:sh 

cc:  Mr.  Van  Jamison 

Mr.  Jeff  Birkby 

Mr.  Marshall  Murray 

Mr.  Heidegger 

Mr.  Christensen 

Mr.  Howser 

Mr.  Wm.  E.  Nork 
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Geothermal  resource  evaluations  were  conducted  under  the  State  of  Montana 
DNRC  Grant  #551-811,  at  a  site  in  Lake  County,  Montana.  The  site  is  known 
as  Camp  Aqua  and  is  located  in  Section  29,  Twonship  22  North,  Range  23  West. 
The  site  is  a  proposed  location  for  an  "Agricultural  By-Product  Plant"  which 
plans  to  use  the  geothermal  energy  as  a  practical  energy  source. 

As  background,  the  above  site  was  the  location  of  a  240'  well  drilled  in 
1913,  which  unexpectedly  produced  125.6  F.  water  and  flowing.  A  test 
was  conducted  on  this  well  on  October  22,  1980,  which  indicated  the  well 
to  be  flowing  at  127  gpm  at  an  estimated  14.5  psig  at  the  well  head.  The 
pH  was  recorded  at  8.36  and  temperature  was  recorded  at  125.6  F.  No  flow 
change  was  observed  in  8  hours  testing.  Local  information  sugnests  that 
significant  restriction  exists  in  the  well  as  plugging  attempts  were  made 
at  time  of  drill ing. 

The  Bureau  of  Mines  drilled  a  well  approximately  250  feet  northwest  of 
the  old  Camp  Aqua  well  on  the  Gossett  property,  under  the  direction  of 
Mr.  Donovan  of  Montana  Tech  in  Butte.  This  well  was  drilled  to  a  depth 
of  1,022  feet  and  produced  120.2  F.  water  and  flowing.  This  well  was 
completed  in  January  of  1981.  The  gravel  aquifer  was  encountered  at  the 
240  foot  level  and  extended  to  a  rock  level  at  264  feet.  Rock  was  experi- 
enced to  the  1,002  foot  level  with  water  bearing  fractures  occurring  at 
various  levels.  For  more  details  about  this  well,  contact  should  be  made 
with  Mr.  Donovan  or  Mr.  Sonderegger  at  Montana  Tech  in  Butte,  as  the  above 
information  was  made  available  through  their  courtesy. 

A  primary  function  of  this  grant  was  to  drill  a  production  well  at  a 
suspected  location  of  the  hottest  water  within  the  property  boundaries. 
In  reviewing  the  "Donovan  Report"  and  field  efforts  of  Uiriiani  E.  iJork,  Inc. 
personnel,  the  temperature  contours  lacked  data  points  immediately  southeast 
of  Camp  Aqua  which  would  serve  to  refine  the  isotherms. 

Due  to  the  blank  area  of  data  points,  a  temperature  gradient  hole  (CAT-1) 
was  planned  and  located  with  a  second  location  to  follow,  if  necessary. 
The  location  was  approximately  1,150  feet  southeast  of  Camp  Aqua  well.  The 
temperature  gradient  hole  was  drilled  during  the  week  of  January  25,  1982, 
and  the  results  indicated  a  111.2  F.  temperature.  A  1'/'  CPVC  Schedule  80 
pipe  was  installed  to  254  foot  level.  Aquifer  level  was  encountered  at  the 
242  foot  level.  A  measurement  of  temperature  on  May  27,  1982,  indicated  a 
downhole  temperature  of  119.1  F. 
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With  the  input  of  the  temperature  gradient  hole  information,  the  suggested 
spot  for  the  production  well  was  located  approximately  250  feet  southeast 
of  the  Camp  Aqua  well.  A  12"  steel  casing  was  grouted  to  99' -4"  and  a  12" 
hole  was  drilled  to  260'  level  cased  with  10  3/4"  CD.  X  .375  wall  steel 
casing.  A  Mills  knife  was  used  to  perforate  casing  from  259'  level  up  to 
250'.  The  slots  are  3/8"  X  4".  At  flowing  condition  of  250  gpm  and  above 
grade,  a  temperature  measurement  of  128.6  F.  was  taken.  The  casing  was  at 
rock  contact. 

When  the  casing  was  sealed  in  the  bedrock  and  flow  was  stopped,  at  tempera- 
ture measurement  of  135  F.  was  logged  at  the  235  foot  level.  A  deeper 
measurement  was  not  possible  because  of  10"  d   stabilizer  presence  in  the 
casing.  A  Johnson-Keck  DTM-75  temperature  loaning  device  accurate  to 
+  0.1  F.  was  used.  The  well  flow  is  measured  at  1,160  gpm  with  estimated 
capability  of  1,600  gpm.  The  close-in  pressure  was  approximately  10  psig. 

The  chemical  analysis  of  the  production  well  indicates  low  calcium  but 
elevated  concentrations  of  Sodium  and  Chloride.  Flouride  is  high  and 
pH  of  8.5  with  little  Carbonate  suggests  a  shift  in  the  Bicarbonate-Carbon 
Dioxide  equilibria  toward  Carbon  Dioxide.  4.8  Mg/L  of  Methane  was  detected 
in  the  water.  The  noted  detection  of  Methane  suggests  the  water  source  being 
sealed  with  the  presence  of  the  overlying  strata  of  hard  pan. 

Higher  water  temperatures  that  are  not  normal  at  shallow  depths  are   commonly 
the  result  of  convective  flow  of  hot  water  that  takes  on  heat  deep  in  the 
subsurface  and  transfers  it  to  rock  near  the  surface.  The  temperature  depth 
profile  is  suspect  to  vary  according  to  the  salinity  of  the  subsurface  fluids 
and  the  depth  of  the  local  water  table.  Data  gathered  to  date  is  not  adequate 
to  fully  assess  the  thermal  energy  extractable,  however,  the  data  of  immediate 
wells  and  this  well  suggests  the  resource  to  be  more  than  adequate  for  the 
plant  development  with  the  resource  base  larger  but  unknown.  A  report  by 
Mr.  Sonderegger  and  Mr.  Wideman  of  Montana  Tech  suggests  that  transmissivi ty 
of  the  aquifer  to  be  125,000  gallons  per  day  per  foot  based  on  1,100  gpm 
flow  of  this  wel 1 . 

It  is  expected  that  this  resource  is  of  meteoric  origin  and  is  geopressured 
in  the  sense  that  the  pressure  exceeds  that  of  the  water  column.  This  hydro- 
thermal  convection  system  is  suspect  of  deriving  heat  from  large  volumes  of 
rock  by  deep  circulation  of  water  along  permeable  zones  of  possibly  layered 
beds  and/or  a  network  of  faults  and  fractures.   It  is  anticipated  that  the 
attained  temperature  is  a  factor  primarily  dependent  upon  the  regional  heat 
flow  magnitude  and  the  depth  to  which  the  water  circulates.  Recharge  of  the 
system  may  occur  over  mountain  areas  and  adjacent  valleys. 

The  results  of  this  grant  indicate  relatively  accurately  that  the  hottest 
water  at  this  Camp  Aqua  site  has  been  located  and  is  suspect  that  continued 
long  range  use  will  tend  to  raise  well  temperatures  as  the  upper  level  sur- 
rounds adjust  to  the  water  flow.  What  this  also  suggests  that  utilization 
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of  this  well  will  have  negligible,  if  any,  effect  on  surrounding  wells 
because  of  the  hydrothermal  convection  system  recharge.  It  may  be  added 
that  uncontrolled  release  of  water  from  the  large  water  aquifer  in  the 
area  could  be  dramatically  improved  if  they  were  able  to  be  brought  under 
control  in  the  event  they  exist. 

Assuming  heat  valued  at  $4/million  Btu's  and  at  the  1,160  gpm  flow  rate 
of  the  well,  an  added  production  of  heat  of  3  F.  will  be  worth  approxi- 
mately $160  per  day.  This  would  assume  utilizing  continuous  flow  the  year 
round. 

The  plant  as  currently  proposed  would  utilize  geothermal  water  as  follows: 
1 .   Contact  Water 

a.  Feed  materials  drying 

b.  Washing  and  Screening 

c.  Flour  preparation 

d.  Enzyme  preparation 

e.  Yeast  culture 

f.  Grain  slurry  preparation  and  mash  cooking 

g.  Starch  conversion  to  sugar 
h.   Fermentation 

i .  Beer  holding 

j .  Beer  distillation 

k.  Extractive  distillation 

1.  Amyl  alcohol  production 

m.  Ethanol  dehydration  (Azeotropic  Distillation) 

n.  Ethanol  denaturization 

0.  Stillage  separation 

p.  Pre-drying 

q.  Evaporation 

r.  Supplement  conditioning 

s.  Gluten  preparation 
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2.   Non-contact  Geothemal  Hater  as  Heat  Transfer  Media 

a.  Heaters  for  cooking 

b.  Heaters  for  conversion 

c.  Heaters  for  distillation 

d.  Heaters  for  evaporation 

e.  Air  heaters 

f.  Waste  liquid  chemicals  heating 

g.  Heaters  for  emission  control 

h.  Heaters  for  tracing  tanks  and  pipelines  (winter  service) 

i.  Heaters  for  liquid  waste  treatment  systems 

j.  Tank  farm  heaters 

k.  Building  heaters 

Variables  requiring  additional  review  and  related  to  the  effective 
utilization  of  the  geothermal  resource  include  the  following: 

1.  Review  the  practicality  and  value  to  remove  and  utilize 
available  Methane. 

2.  Evaluate  heat  pump  systems  to  raise  energy  level  of  the 
available  resource. 

3.  Evaluate  compatible  developments  at  the  site  to  utilize  the 
resource  such  as  nursery  or  hydroponics. 

Attached  is  a  Block  Flow  Diagram  of  the  plant  water  balance.   It  should 
be  noted  that  these  balances  were  made  with  an  anticipated  average  raw 
material  moisture  level  and  leaving  product  moisture  level.  Variations 
will  result  based  on  actual  plant  throughput. 

References: 

*  "Donovan  Report"  -  Montana  Tech 

*  Sonderegger  &  Wideman  Reporting  -  Montana  Tech 

*  Wm.  E.  Nork,  Inc.  Reporting 

*  Northern  Testing  Lab  Reporting 

*  Anderson  &  Lund  -  Direct  Utilization  of  Geothermal  Energy 
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■1".   ^-  Water  Rights  Bureau  Field  Office 

«•. ,     Department  of  Natural  Resources  and  Conservation 

P.  0.  Box  860 
:■       3220  Highway  93  South 
t  ■      Kalispell,  MT   59901 


1 
-   1 


I  (WE), 


-iAc-»t-ourv  S<oeTtiog^fev.>Ofc»  ^ 


hereby   temlnate 


my   (our)   Notice  of  Completion  of  Ground-water  Developnent  No.  K&ci-iOi£i^~^  .  ^ 
My   (our)   reason  for  this  action  is;     P^^^^O    Kfjv^^oui   Otc.T(vrr^  ~1»^<W~ 


SV      f^O'2->     \^      Qg-^    ^<x-X<cSft-A*>1    <^^Th^    lls£^    X^«^SCg,vQEt^^ 


■> 


) 


y-. 


2lC\iatur£ 


Date 


IV  -i-         •  'i;.i»fc.. 


i!^Jm-. 


/.at!'    r';- 


DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATION 

WATER  RIGHTS  BUREAU 


TED  SCHWINOEN.  GOVERNOR 


PO  Boxseo 


STATE  OF  MOJTANA' 


406)755-9288 


KAUSPELL.  MONTANA  5990I 


March  8,  1982 
CERTIFIED  #713  461 


RECE/VED 


M>;,- 


0  OS? 


i 


Jackola  Engineering  Co, 
Attn:  Thor  A.  Jackola 
P.O.  Box  1134 
Kalispell,  KI   59901 


RE: 


Dear  Sir: 


Notice  of  Completion  -  temporary  gradient  hole.  Lake  County 
Montana,  Section  29,  Township  22  North,  Range  23  Vest,  Camp 
Aqua,  near  Hot  Springs,  Montana. 


I  have  reviewed  the  above  referenced  Notice  of  Completion.   The  beneficial 
use  described  on  your  Notice  falls  in  a  category  described  by  the  Department 
of  Natural  Resources  &  Conservation  as  "dewatering"  (a  process  whereby  water 
must  be  removed  so  another  activity  can  go  on  -  water  sampling).   Montana's 
waters  are  subject  to  appropriation  only  for  beneficial  uses;  however,  case 
law  indicates  that  the  determination  of  beneficial  use  depends  on  the  cir- 
cumstances in  each  case.   It  is  the  Department's  opinion  that  "a  well  drilled 
and  used  soley  for  groundwater  level  observation  and  record  keeping  or  minor 
occassional  sampling  for  water  quality  purposes"  may  not  reouire  a  "otice 
of  Completion. 

Based  upon  the  information  before  ne,  it  is  my  opinion  (based  upon  the  above 
referenced  policy)  that  a  ^Jotice  of  Completion  need  not  be  submitted  for 
the  described  use.   If  the  well  is  ever  put  to  use  otlier  than  as  presently 
described,  a  Notice  of  Completion  may  be  submitted  at  that  time.   In  the  event 
that  I  do  not  have  all  of  the  facts,  please  resubmit  the  Notice  with  the 
following  additional  information: 

1.  $5.00  filing  fee 

2.  Clarifying  of  water  right  owner  (applicant  name) 

3.  Total  rate  of  water  used 

A.   Total  annual  volume  of  water  used  for  the  use  Indicated 
5.  The  period  of  use  of  water  from  the  well. 

You  have  thirty  (30)  days  to  resubmit  the  Notice  of  Completion,  if  deemed 
necessary.  The  Notice  will  be  terminated  at  that  time  if  no  response  is 
received.   Please  call  or  write  if  I  can  be  of  further  assistance. 


■■*M  eouAL  0PK>tiWNiTy  euPLOreR" 


Jackola  Enp;ineerlnc   Co, 
March   R,    1982 
Paf.e   2 


The    concern    (that    the   well    may    start    flowinf'    apain)    vou    vcicoc'    over    the 

phone   to   Chris    Llrewer,    our  Analvst,    is    ;■)roperl^'   ad'Iresnec'    in   Title    "5-?-50S    (1) 

(copy  enclosed) . 

Sincere.ly, 

Charles    F.    r, ra'-ien 
Area   Office    Supervisor 
'.Vater    Fvij^iits    Huroau 

cr'^./ic 

I'.nclosures 
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Jachla  [njlneerlnji  Bo. 


February  12,  1982 


State  of  Montana 
Water  Rights  Bureau 
Dept.  of  Natural  Resources 
and  Conservation 
P.  0.  Box  860 
Kali  spell,  MT  59901 

Attention:  Mr.  Jim  Reybein 

Re:  Temperature  Gradient  Hole 

Lake  County,  MT.  Sec.  29,  T22N,  R23W 
Camp  Aqua,  Near  Hot  Springs,  MT 

Dear  Sir: 

Attached  is  Form  602  RT/81 ,  Notice  of  Completion  for  the  above 
referenced  Temperature  Gradient  Hole.  We  have  attached  additional 
data  and  diagrams  concerned  v/ith  the  effort. 

Kindly  review  the  completion  notice  and  let  me  know  if  any  further 
infoniidtion  is  necessary. 

Verv  trul y  yours , 


y-i 


TAJ:sh 

cc:     Jeff  Birkby,  Helena 

Dale  Buganic,  Wm.   E.   Nork,   Inc. 


'  Thor  A.  yaqkola 


575  SUNSET  BOULEVARD     -     P.O.  BOX  1134     -      KALISPELL,  MONTANA  59901      -     406-755-3208 
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Form  No.  602  R7/81 

NOTICE  OF  COMPLETION  OF 
GROUND-WATER  DEVELOPMENT 

For  ground-water  developments  with  a  maximum  use  of 
less  than  100  gpm 

(Use  Form  600,  Application  tor  Beneficial  Water  Use  Pernnit  for 
undeveloped  springs  or  appropriations  of  lOO  gpm  or  more  ) 


IMPORTANT 

The  right  to  the  use  of  ground  water  is  not  automatic.  Your  priori- 
ty will  be  determined  by  the  date  of  filing  this  form.  STATE  LAW 
REQUIRES  THAT  THIS  FORM  BE  FILED  BY  THE  WELL  OWNER 
WITHIN  60  DAYS  AFTER  THE  WATER  HAS  BEEN  PUT  TO 
BENEFICIAL  USE.  Attach  the  proper  filing  fee,  payable  to  the 
Department  of  Natural  Resources  and  Conservation  and  submit 
to  your  area  water  rights  field  office  as  listed  on  the  back  side. 


FOR  DEPARTMENT  USE  ONLY 


Notice  No 
Date  Received 
Time 

Transmittal  No. 
Fee  Received  S 
Received  By 
Refund  Made 


.AM.IP.M. 


1 .  N AME(S)  Jackola  Engineer ing  Co . . 
MAILING  ADDRESS    ._P._0..  l0X_ .1 1  34  . 

CITY Kali  spell STATE 

HOME  PHONE 755-6286 

2.  SOURCE  OF  GROUND  WATER  SUPPLY      LI 


OTHER  PHONE 735-3208 


I     WELL  [J     DEVELOPED  SPRING 

(excavation  performed) 
U     PIT  \^    OTHER  (describe)   Tpmperat.iirp 

Gradient  Hole 

3.     DATE  WATER  PUT  TO  BENEFICIAL  USE: 

NAME  AND  ADDRESS  OF  WELL  DRILLER  OR  CONTRACTOR:  (If  applicant  or  other  please  indicate.) 

Name     Liberty  Drilling  Co. :      Northern  Testing.  LahS-. 

AddressKdlispelU  ML    .  Great  Falls,  MT  

Maximum  withdrawal  _      175       gallons  per  minute  (as  tested  by  driller) 


Does  this  woll  replace  an  existiru)  well'^  Y(>s         X  No    Soc   Attached   Report 

If  Yes,  complete  the  toliowing  mlnrnuitiori  pntaining  to  ttu;  existing  (olft)  well 
Depth  It   G  P  M  Date  rinllocl 

If  Yes,  contact  your  area  field  office  as  you  may  be  able  to  tile  a  cliange  in  point  of  diversion  and  retain 
the  priority  date  of  the  old  well. 

4.  POINT  OF  DIVERSION:  (Your  legal  land  description  may  be  obtained  from  your  deed,  county 
assessor,  or  clerk  and  recorder.  Complete  the  following  and  attach  an  aerial  photo  or  survey  map 
showing  the  location  of  your  well  or  development  and  your  place  of  use,  it  available.) 


Lot. 


Block. 


Subdivision 
or      SE      ''4_   SW       V4     NE        '.4  Section    29 


Government  Lot 

TWP._2.2N N/SRGE.^3w  ^    E/W  County        Lake  County    -         -  

5.     PLACE  OF  USE:     (If  more  than  one  place  of  use,  attach  additional  sheets.  If  same  as  the  point  of 
diversion,  CHECK       x) 


Lot. 


Block. 


Subdivision 


Government  Lot 


or 


V4  Section 


TWP. 


.N/SRGE. 


E/W  County 


ggv^.^AA.»^v^^.^AAJ^wcw^AA-^«»^■P^K.»^^ 


mOMTAMA    0€PARTM£Mr    OF   NATURAL    RESOURCES    A    CONSERVATION 


DNRC 


38     SOUTH     eWIIMO  HELENA     MONTANA    BSSaO  «Aa-3aaa 


r 


AMOUNT  OF  WATER.  USE  TO  WHICH  IT  HAS  BEEN  APPLIED,  AND  PERIOD  OF  USE: 
Total  Rate  Used:       Non6  gallons  per  minute 

D    DOMESTIC:     (house,  lawn,  garden)  No.  of  families  supplied  

fMo.  of  acres  of  lawn/garden  irrigated    


from 


to 


D    STOCK:     Approximate  maximum  number  and  type  of  livestock.. 


inclusive,  of  each  year 


from 


miinth  iljy 

n    IRRIGATION:     Total  No  of  acres  irrigated 
Type  of  crop 

Amount  of  v»/ater  used 
from     ^       _  .  ^    


to  __. 


munih/ddy 


inclusive,  of  each  year 


to 


acrefeet/year. 

inclusive,  of  each  year 


Q    OTHER:     Describe  Temperature  Gradient  Holev  well   flowed  175  gpm  while— 

temporary  casing  in  place;   stopped  flowing  when  removed. 

Amount  of  water  used     acre-feet/year  or Gal /day 

from .  _         to inclusive,  of  each  year 

riiunin  (Uv  month/day 

7.    REMARKS:     (Use  this  space  for  additional  information,  if  needed,  to  describe  development.) 

See  attached  report:     One  additional  comment  is   that  when  temporary ■ 

casing  was  removed,   the  well   stopped  flowing  and  siezed   itself. 


THE  APPROPRIATOR  CERTr^lES  THAT  THE  STATEIVIENTS  APPEARING  HEREIN  ARE  TO  THE  BEST 
OF  HIS/HER^NOWLEDGE  TRUE  AND  CORRECT. 


/^n 


c 


GE  TRUE  AND  CORREC 

....-J'.-:i,.— 


2/8/82, 

i.i.ii.-i 


/ 


SUBMIT  THE  COMPLETED  FORM  AND  PHOin  R  FILING  FEE  TO  THE  APPROPRIATE  WATER  RIGHTS 

BUREAU  FIELD  OFFICE.  SERViNC.  TlU  (XMINIY  IN  WHICH  THE  DEVELOPMENT  LIES.  AS  LISTED 

BELOW 

Montana  W.ilef  Mights  Bureau  Area  Field  Ollices 


HELENA 

32  Soulfi  Ewing 

Helena   Montana  59620 

Phone   •349  36j4 

Serving   Deo'  Lodge.  Powell. 

Lewis  and  ClarK   Broadwater, 

Silver  Bow.  Jetlerson  and  Beaverhead 

Counties 

MISSOULA 

2101  Bow  Street 
P  O   Box  5004 
Missoula  Montana  59806 
Phone    721  4284 

Serving   Missoula.  Granite.  Ravalli 
and  Mineral  Counties 
GLASGOW 

1 10  ilh  S'reet  South,  Room  i06 

P  O   Bo«  o94 

Glasgow   Montana  59230 

Phone  228  2561 

Serving   Daniels.  Dawson.  Garfield. 

McCone.  Phillips.  Richland. 

Roosevelt.  Sheridan  and  Valley 


BO^^EMAN 

Uii.'i^iium  Pioltjssional  Building 

:o  E.isl  Olivp   Suite  1  D 

Bci.'Oiii.in,  Moiil.in.i  r)9715 

Phono   fjrih  ,n,lb 

SiMving   (jallatin.  Park  and  Madison 

CouhlK". 

HAVRE 

Old  Highway  2 

PO   Box  1828 

Havre.  Montana  59501 

Phone  265  5516 

Serving    Blame.  Chouteau.  Glacier, 

Hill.  Lihorty,  Pondera,  Teton  and 

ronle  Counties 

BILLINGS 

1S37  Avenue  D,  Suite  121 

Billings.  Montana  59101 

Phone   248  6540 

Serving   Big  Horn.  Carbon,  Stillwater, 

Treasure   Yellowstone  and 

Sweet  Grass  Counties 


KALISPELL 

3220  Highway  93  South 
P  O    Box  860 
K.ilispell.  Montana  59901 
PhoiK!    755  9288 

Serving   Flathead,  Lake.  Lincoln  and 
S.inders  Ciujntios 
LEWISTOWN 
613  NE  Mam  Street 
PO   Box  438 

Lewistown    Montana  59457 
Phone  538  7459 

Serving  Cascade.  Fergus,  Golden 
Valley,  Judith  Basin,  Meagher 
Mu'.^el',h>'ll    Petioleuni  and 
Whe.itland  Counties 

MILES  CITY 

5  Noilh  Prairie 

PO   Box  275 

Miles  City.  Montana  59301 

Phone   232  6359 

Serving   Carter.  Custer.  Fallon. 

Powder  River,  Prairie.  Rosebud  and 

Wibaux  Counties. 


I  oweei  vjiaas  ^^^Jullllc^  Wibaux  Counties. 
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WILLIAM  E.  NORK,  Inc. 

CONSULTING  SERVICES  IN  HYDROLOGY  AND  GEOLOGY 
.' b   1026  ►*'.  First  Street  •  Reno,  Nevada  89503  Phone  (702)  322-2604 

February  4,  1982 
82-231 

Thor  Jackola 
JACKOLA  ENGINEERING  CO. 
P.O.  Box  1134 
Kalispell ,  MT   59901 

RE:   Camp  Aqua 

Dear  Mr.  Jackola: 

During  the  week  of  January  25,  1982,  a  temperature  gradient  hole 
was  constructed  at  the  Camp  Aqua  project,  Hot  Springs,  Montana. 
The  purpose  of  the  hole  was  to  provide  temperature  and  water  chem- 
istry data  for  a  blind  spot  ari'ii  i  mmcd  i  ;i  Lc  I  y  scjuLhcast  ol  the 
Camp  Aqua  well.   The  temperature  gradic^nt  hole,  designated  Camp 
Aqua  Temperature  No.  1  (CAT-1),  is  loc^atod  approximately  1,150 
feet  S32°E  of  the  present  water  supply  well  at  Cump  Aqua. 


Hole  construction 

CAT-1    was    constructed    joint  1\     by    Northern    Tc;.!  iiisj;    I,al)s    and    I.ib(M-ty 
I"):-  i  1  1  i  11^    Co  .     o  1     Cii-(>a  t     l'"a  lis    and    Kalispell,     r<  spec  t  i  \  e  1  y  .       The 
t'onstfuct  ion    summary    is    tJu'onicled    helou. 

01/26/82      A    10-inch    nominal    diam(-t(M"    horehoU^    was    aujjiefc^d    to    a 

depth    of    50    Icu't  .       A    total    o!     5H.:]:5    ICeL    ol    6-5/8     inc'h 
0.0.     0.250-inch    sidewall     s  I  ee  I     well     casinic    was     inslalled 
to    a    depth    of    about    57    fecL    and    the    annulus    sealed    1 rom 
50    fiMH    to    land    siiclace. 

01/27/82      Drilled    nominal    4-inch    hole    by    mud    rotary    method    from 
50    feet    to    a   depth   of    243    re(>t. 

01/28/82       Installed    3A    inch    drivc^    casiii;,^    to    213    ICet  .       Drilled 
nominal    3-inch    hol(^    r  rom    243    r(>et    to    a    depth    o{    257 
feet    and    drove    casing    to    a    dipth    ol     about,    253    ICi-t. 
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Thor  Jackola  February  4,  1982  Page  2 

c 

01/29/82   Installed  1.5-inch  I.D.  Schedule  80  CPVC  pipe  from  T.D. 
to  1.75  feet  above  land  surface.   Collected  water  sam- 
ple for  chemical  analysis,  pulled  drive  casing,  installed 
packer  assembly  and  secured  well  head. 

Refer  to  CAT-1  construction  diagram  and  well  hoad/packer  assembly 
detail . 


Data  collection  and  interpretation 

CAT-1  penetrated  sand  from  land  surface  to  a  depth  of  about  20 
feet,  clay  and  silty  clay  from  20  to  238  feet,  indurated  clay 
from  238  to  242  feet,  and  sand,  gravel  and  i-obhles  from  242  to 
T.D.  (A  copy  of  the  log  of  the  bcH'ohoU^  is  enclosed).   Flowing 
artesian  conditions  did  not  prevail  until  alter  drilling  fluid 
was  diluted  and  the  hole  flushed  with  clean  water.   Artesian  flow 
was  measured  at  about  175  gpm  and  at  a  temperature  of  111.2°F 
(•M°C).   The  shut-in  artesian  pn^ssuri'  h(^ad  was  not  mt-asurc^d  al- 
though the  artesian  head  was  noted  to  be  at  It^ast  20  fcH't  above 
1  and  su  r  fac-c^ . 

The  t  (.'nipc  ra  I  11  fi'  ol  I  he  trriniiiil  \\.iii'i-  im  ■:(  sii  i'(  ul  iii  (AT- I  w:is  used 
l(^  riM  i  iu>  a  LiMiipi' ra  t  u  fc  ronidui-  iiKip  ol  I  he  pniicci  arc:i  and  near 
vicinity  (RofiM-  to  figure).   Although  tho  t  omficra  l  ui-o  of  the  ground 
water  at  this  sitt^  was  not  as  tiot  as  anticipated,  it  did  starve 
to  better  delin(.mt(>  tho  tt^mpcra  t  ii  fi>  of  ground  waior  IxMioath  Camp 
Aqua.   Kxamination  o  I'  the  isothcriDs  suggosis  I  h;i  I  I  ho  hot  tost 
ground  water  in  the  alluvium  IxMu^ath  I  ho  project  area  ma\-  b(>  found 
.just  south  and  (>ast  of  tlu^  oxisi  lag  Camp  Acpia  ua  tor-sLi|)p  1  y  wo  M  . 

Previous  investigations  indicati>d  hottom-holo  tompor-a  t  ures  in 
regional  flowing  artc^sian  w(0  Is  [o    \io   one  to  tuo  dogroos  Fahrenheit 


« 


WILLIAM  E.  NORK,  Inc.    I 


Thor  Jackola 


February  4,  1982 


Page  3 


higher  than  temperatures  measured  at  the  well  head.   Given  the 
125. 8°F  measured  in  the  Camp  Aqua  well,  temperature  of  the  ground 
water  may  reach  126.8°  to  127. 8°F.   If  the  temperature  does  in- 
crease a  short  distance  southeast  of  the  existing  well,  as  the 
temperature  data  suggest,  then  temperatures  of  approximately  130°F 
may  bo  encountered  in  a  new  wc?l  1  . 

Results  of  the  chemical  analysis  o  1'  the  water  sample  collected 
from  CAT-1  are  not  yet  available. 

Please  contact  our  office  if  you  have  any  questions. 

Sincerely, 

WILLIAM  E.  NORK,  INC. 

r)M^  c.  ^1^^ ^^ 

Dale    C.    Bugi^nig 
Hydrogecjlogist 

DCB:bh 

Eni'  1  osuros 
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WILLIAM  E.  NORK,  Inc. 
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(8««  w«il  h«ad  and  packer  aaaambly 
for  datalled  surfaca  complation) 


-Camant  grout  aaal  (land  aurfaca  to 
60faat) 

-6  6/8  -  inch  X  0.260  -  inch  aidawall 
blank  ataal  wall  caalng  («1.76  faat  to 
66.6  faat) 


-1    1/2  -  inch  I.D.  aehaduia  80  ASTMF-441 
CPVC  pipa  (♦I. 76  faat  to  266.6  faat) 
watar-fillad 


I 


PVC  cap 


Figura   1.    Conatruction  diagram  for  CAT-1 


2    1/2-inch  pipe-size  coupler 
•  quipped  with  2   1/2 
-  inch  threaded  plug 

1    1/4  -  Inch  pipe-size 
coupler  (two) 


8  5/8  -  to  6  6/8  -  Inch 
O.D.  bell  reducer 

2    1/2  -  Inch  galvanized 
steel  pipe  (2.876  inch  O.D.) 


PVC  spacer 


tTTjnonnnrTJnrTjr 


NOTE:  Overall  length  of  packer 
assembly  is  6.75  feet) 


1/4  -  inch  pipe-size  coupler, 
nipple,  elbow,  equipped  with 
bicycle  valve 

PVC  cap 

6  5/8  -  inch  O.D.    X  0.250 
-  inch  sidswall  steel  well 
casing 


1    1/2  -  inch  I.D.  CPVC 
schedule  80  pipe 


Airline 


LAND  SURFACE 


KXKKirwuumjmnu 


2   1/2  -  inch  pipe-size  to 

1  1/2  -  inch  pipe-size 
adaptor  (threaded  to 

2  1/2  -  inch  pipe  and        ^ 
glued  to  CPVC  pipe) 


~M 


T 


1/8  -  inch  pipe-si] 
stem 


Gordon  L.  Newby  Co. 
pneumatic  packer 


1/8  -  inch  pipe-size  valve 
stem, capped 


Figure    2.         Well  head  and  packer  assembly 


Prepared  by  WEN  INC..  Febuary   1982 


)-  Wall  which  was  T-loggad  01/07/82 

■  -  Wall  which  waa  NOT  T-logged 

^-  WEN  INC.  tamparatura  gradient  hole 

Exampla:  86  F  -  Outflow  tamparatura 


Figure  a    Exploration  hole  location  and  revised  thermal  contoura  of  the 
arteaian  aquifer  in  the  vicinity  of  Camp  Aqua 
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January  20,  1982 


_^ 


Department  of  Natural  Resources 

and  Conservation 
Attention:  Mr.  Jim  Rehbein 
Water  Rights  Bureau 
P.  0.  Box  860 
Kali  spell,  MT  59901 

Dear  Sir: 

In  followup  of  our  recent  discussion,  attached  is  preliminary  detail 
being  planned  for  observation  at  Camp  Aqua  near  Hot  Springs,  Montana. 
The  information  was  transmitted  by  Teletype  and  the  copies  are  not  real 
clear.  If  you  have  any  questions,  please  give  me  a  call. 

Our  current  schedule  suggests  that  we  could  begin  this  drilling  on 
Tuesday,  January  26,  1982. 

Sincerely, 


'//^^  A    /  ^'/^~ 


Thor  A.    Jaijkola 


TAJ:sh 
End 


575  SUNSET  BOULEVARD     -     P.O.  BOX  1134     -     KALISPELL,  MONTANA  59901      -     406-755-3208 


Jachla  [nglBeerlnji  Bd. 


January  20,  1982 


Department  of  Natural  Resources 
and  Conservation 
Energy  Division 
Attention:  Mr.  Jeff  Birkby 
32  South  Ewing 
Helena,  MT  59624 

Dear  Sir: 

Attached  is  preliminary  detail  concerning  the  observation  well 
development  at  the  Hot  Springs  site.  Information  was  transmitted 
by  Telex  and  the  copies  are  not  really  clear.  If  you  have  any  ques- 
tions, please  give  me  a  call. 

Current  schedule  sugoests  that  the  drilling  could  start  Tuesday, 
January  26,  1982.  Tmight  add  that  we  are  using  1  1/2"  Schedule  80CPVC 
pipe  for  the  probe  tube  which  has  a  210  F.  spec  capability  at  75  psi 
pressure.  At  160  F  it  has  a  188  psi  pressure.  We  felt  it  was  necessary 
to  go  to  this  capability  in  pipe  because  of  the  potential  temperatures 
involved. 


Sincerely, 


TAJ:sh 
End 
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cotouuwc  ocmus 


Great  Falls  MT 
Billings   MT 
Boise,  ID 
Pocaieiio.  ID 
Casper  WY 
Tn  Cities,  WA 


Specializing  in: 

oGeofectintcal  Engineering 

•  Quality  Control  of 
Construction 

•  Construction  Observation 
and  fvlanagement 

•  Coal  Analysis  and  Mimng- 
Reloted  Sols  Analysis 

•  Ctiemical  and 
Environmental  CorTsulting 
Servces 


EXHIBIT  B 


January  21,  1982 


Jackola  Engineering 

P.  0.  Box  1134 

Kali  spell,  Montana  59901 

ATTENTION:  Mr.  Thor  Jackola,  P.E. 


SUBJECT: 


Gentlemen: 


Observation  Wei  1  Installation 
Hot  Springs  Development 
Hot  Springs,  Montana 


We  are  pleased  to  work  with  you  in  installing  observa- 
tion wells  at  the  proposed  Hot  Springs  Development. 


Project  Description 

We  understand  that  we  are  to  install  two,  or  possibly 
three,  observation  wells  to  depths  on  the  order  of  250  feet.  The 
wells  are  to  tap  a  deep,  geothermal  aquifer  that  may  be  under 
artesian  pressure.  We  further  understand  that  we  are  to  supply  a 
drill  rig,  crew,  and  necessary  drilling  equipment;  the  field  opera- 
tion will  be  supervised  by  your  hydrogeologist,  and  we  will  be 
available  for  consultation  during  the  project.  Discussions  with  you 
indicate  that  you  will  supply  the  necessary  well  materials, 
including  those  necessary  to  seal  off  the  deep  aquifer  from  shallow 
groundwaters. 


Anticipated  Subsurface  Conditions 

Based  on  our  knowledge  of  this  general 
developed  an  estimated  fee  schedule  assuming  the 
consist  of  lacustrine  silts  and  clays,  with 
overlying  the  aquifer. 


area,  we  have 

subsoils  will 

occasional  sand  layers 


Scope  of  Services 

We  will  provide  the  necessary  drilling  equipment, 
drilling  personnel,  and  engineering  consultation  for  completion  of 
the  project  as  described  above. 

We  may  wish  to  sample  the  lakebed  sediments  at  various 
intervals;  time  spent  for  such  sampling  will  be  deducted  from  your 
project  costs. 


528  Smelter  Avenue  •  P.O.  Box  951  •  Great  Falls.  Montana  59403  •  406-453-1641 
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Nkxthem  Testing  Loboratofiej 

Jackola  Engineering 
January  21,  1982 
Page  2 

Cost  Estimate 

Our  fee  for  the  investigations  and  report,  as  outlined  above,  will 
be  in  accordance  with  the  attached  unit  price  schedule.  We  expect  the  total 
cost  of  this  project  (for  two  wells  installed  within  the  three  to  four  days  per 
well  estimate)  will  oe  in  the  range  of  $7500  to  $8500.  This  cost  includes  a 
field  mobilization  charge  which  will  be  adjusted  if  economies  can  be  achieved 
in  connection  with  other  work  underway  in  your  area. 

If  this  description  of  services  is  in  accordance  with  your  under- 
standing of  the  project,  please  sign  the  enclosed  agreement  and  return  it  to 
us.  As  discussed,  we  will  mobilize  to  the  site  on  January  25,  1982,  and  be 
prepared  to  begin  drilling  the  following  day. 

We  look  forward  to  working  with  you  on  this  project. 

Very  truly  yours, 


Leland  J.  Walker,  P.E, 

LJW/cml 

Enclosure 
In  duplicate 


Northern  Testing  Laboratories 


EXHIBIT  A/ 


Unit  Price  Schedule 

For 

Geotechnical  Engineering  Services 

1.  Mobilization  of  drill  rig,  crew,  and  engineer  or 

geologist  to  jobsite,  lump  sum $1245.00 

2.  Provide  drill  rig  and  two-man  crew,  includes  one-way 

travel  to  and  from  site,  per  hour 75.00 

Per  diem,  per  man-day,  actual  lodging  cost,  plus 18.00/day 

Provide  bits,  drilling  media,  special  sampling 

equipment,  air  compressor,  water  truck,  water  pump,  equipment 

for  site  access  or  other  auxiliary  equipment  to 

be  invoiced  at  cost,  plus  15%  for  handling. 

3.  Provide  geotechnical  engineer  or  geologist,  for 
consultation: 

a.  Project,  Grade  IV,  per  hour 47.50 

b.  Assistant  Project,  Grade  III,  per  hour 39.00 


) 
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S_ECTI_0N_4_ 
SPECIFICATIONS  -  PRODUCTION  WELL 
551 -fill 


GRANT  NO.  551-811 
WELL  DEVELOPMENT  PERMIT  NO.  32593 
AGREEMENT 
CONSTRUCTION  OF  ONE  WELL 

THIS  AGREEMENT,  made  this  29th  day  of  March,  1982,  by  and  between 
Jackola  Engineering  Co.,  hereinafter  called  "OWNER  AUTHORITY"  and 
Liberty  Drilling  &  Pump  Co.  doing  business  as  (an  individual,)  or  (a 
partnership,)  or  (a  corporation)  hereinafter  called  "CONTRACTOR". 
WITNESSETH:  That  for  and  in  consideration  of  the  payments  and  agreements 
hereinafter  mentioned: 

1.  The  CONTRACTOR  will  commence  and  complete  the  construction  of 
the  well  within  60  days  of  the  Agreement  date  above. 

2.  The  CONTRACTOR  will  furnish  all  of  the  material,  supplies,  tools, 
equipment,  labor  and  other  services  necessary  for  the  construction  and  comple- 
tion of  the  PROJECT  described  herein. 

3.  The  CONTRACTOR  will  commence  the  work  required  by  the  CONTRACT 
DOCUMENTS  within  10  calendar  days  after  the  date  of  the  AGREEMENT  date  above 
and  will  complete  the  same  within  60  calendar  days  unless  the  period  for 
completion  is  extended  otherwise  by  the  CONTRACT  DOCUMENTS. 

4.  The  CONTRACTOR  agrees  to  perform  all  of  the  WORK  described  in  the 
CONTRACT  DOCUMENTS,  comply  with  the  terms  therein  for  the  sum  based  on  the 
completed  and  executed  unit  price  schedule.  Section  1 -A  -  one  drilled  well 
proposal  form,  but  not  to  exceed  $34,000.00. 

5.  The  term  "CONTRACT  DOCUMENTS"  means  and  includes  the  following: 

(A)  Project  Manual  &  Specifications,  dated  February  5,  1982, 
included  Contractor  executed  and  completed  unit  price  schedule, 
dated  March  5,  1982,  all  units  of  work  performed  will  apply. 

(B)  This  CONTRACT  AGREEMENT  when  executed  by  both  Parties, 
constitutes  a  Notice  of  Award  and  Notice  to  Proceed. 

(C)  General  Conditions  and  General  Requirements. 

(D)  CHANGE  ORDER,  should  it  be  required. 
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(E)  Project  Manual  including  SPECIFICATIONS  prepared  or  issued 
J  by  Jackola  Engineering  Co.,  Kali  spell,  Montana, 

dated  February  5,  1982. 

(F)  ADDENDA:  None. 

(6)  This  work  is  being  accomplished  through  a  Grant  from  the 
State  of  Montana,  Department  of  Natural  Resources,  Energy 
Division,  and  provisions  of  that  Agreement  and  any  amendments 
thereto,  become  part  of  this  Agreement. 

6.  The  OWNER  AUTHORITY  will  pay  the  CONTRACTOR  in  the  manner  as  set 
forth  in  the  General  Conditions  per  the  unit  price  schedule  for 
those  items  of  work  performed,  such  amounts  as  required  by  the 
CONTRACT "DOCUMENTS,  and  calculated  to  a  total  amount  due  and  payable 
at  time  of  receipt  of  Grant  Payment  for  the  work  but  not  to  exceed 
$34,000.00. 

7.  This  Agreement  shall  be  binding  upon  all  parties  hereto  and  their 
respective  heirs,  executors,  administrators,  successors,  and  assigns. 

IN  WITNESS  WHEREOF,  the  parties  hereto  have  executed,  or  caused  to  be  executed 
A    by  their  duly  authorized  officials,  this  Agreement  in  two  (2)  copies,  each  of 
which  shall  be  deemed  an  original  on  the  date  first  above  written. 

OWNER  AUTHORITY: 
JAe^S^  ENGINEERING 
By:  Orvh   A  /cjA 


Duly  Authorized  Official 
/ 
Name:  Thor  A.  Jackola 


Title:  President 
(SEAL) 
ATTEST; 


Name_ 
Title 


^iJjudt^U^^ 
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.A'msn 


CONTRACTOR: 

^G  &  PUMP  CO. 

Duly  Authorized  Official 
Name:    LOt|(i.Q'^    T.    lOsiSog^^ 

Address:   3850  Highway  93  South, 
Kali  spell,  Montana  59901 


(SEAL) 
ATTEST: 


Name 
Title 


^X^^^^aJjl^  ^/AUc^UL 


^ 


Montana  Contractor's  License  fto. 


(.' 
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PROJECT  MANUAL 

INCLUDING 
SPECIFICATIONS 

STATE  OF  MONTANA 
DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATinN 


FOR 
GRANT  NO.  551-811 
WELL  DEVELOPMENT 
PERMIT  #32593 
LAKE  COUNTY,  MONTANA 
SE  1/4,  SW  1/4,  NE  1/4,  SEC.  29,  T22N,  R23W 
CAMP  AQIIA  SITF  f.TAR  HOT  '-.PRirins,  MnrjIAHA 


GRANTEE 

AND 

PREPARED  BY 


JACKOLA  ENGINEERING  CO. 
P.  0.  GOX  1134 
KAL 'SPELL,  f-'i.NTAfJA  ',"901 

PHONE:   U 16 /■/';',-  ',-'o;l 

DATE:      FCCRIJARY   ',,    19C? 


i;^^!• 


GENERAL  REQUIREMENTS 
SECTION  1 


GENERAL 

a.  The  specifications  are  abbreviated,  of  streamline  type,  and 
frequently  include  incomplete  sentences.  The  omission  of  words 
or  phrases  such  as,  "The  Contractor  shall",  "in  conformity  with", 
"shall",  "shall  be",  "as  noted",  "according  to  the  plans",  "a", 
"an",  "the",  and  "all",  are  intentional.  Omitted  words  or  phrases 
shall  be  supplied  by  inference,  in  the  same  manner  as  they  are  in 
notes  on  the  drawings.  Titles  and  Headings  are  a  part  of  the 
Specification,  the  same  as  the  text  of  the  article  or  paragraph. 

b.  "Provide"  shall  mean  "furnish  and  install",  or  "furnish  labor  and 
materials  required  for  installation,  ready  for  use,  and  under  the 
terms  of  the  Contract  Documents". 

"As  shown",  "as  indicated",  "as  detailed",  "as  noted",  or  words 
of  similar  import  refer  to  Contract  Documents. 

"Selcted"  means  "as  selected  by  the  Owner's  authorized  representa- ('  „ 
tive.  ^' 

"Approved"  means  "approved  by  the  Owner's  authorized  representative. 

"For  approval"  means  "for  the  Owner's  authorized  representative's 

approval".        ";')miiM-"    CiM  i  t".     lo    Oimici   '■,    dul 'mr  i.  (  .|    t  (  ;  ir  f.iM  r  ,i  t  i  vo . 

C.  It  fluill  h(^  Mic  i-i"S|  oil',  ];M  1  i  ty  it  the  r  nn  t  r  ,ic  tor  to  flofrT-niino  the 
extent   and   divibion   o\    ..urk   'Ktwicii   (.on  1 1  dc  I  (;r'   urid   ^;ui>C-OntrdC  tor . 

'.".ore   S}~r-i' i  f  iea  *"  ior,  ".    \\:-,]r,'  ..    itoikul    t.i   tu'    instuin   ,   i.y    \i,c 
.'..afiur'ticturei" '  s   represent, itive  or   siiiiilar   rcqu  ice  incut,   cuch   rcquire- 
I'.ent  shall    be  strictly  oiiiorceJ   to   the  Fnqinoer's  satisfaction. 

e.       The  Contractor  shall  maintain  a  neat  and  orderly  construction 
site  and  leave  site  clean,  graded  and  all   debris  reinoved. 

SCHEDULE  OF  DRAWINGS  AND  SPECIFICATI 0 NS 

a.  DRAWINGS 

*  Location 

*  Well   Head  Asscoibly 

*  CcnUruction  DiaqraiM 

*  Ex'i  :;t  mq  w'l^l  1  '.i)>!'>  111  A-'(M 

/'« 

b.  SPECIFICATIONS  ^ 

*  Tnese  specifications  as  indexed  and  bound. 


SPECIAL  CONDITIONS 

a.  SITE  EXAMINATION 

*   Visit  site,  ascertain  for  himself  all  apparent  conditions 
affecting  the  contract. 

b.  PERSONNEL  AND  EQUIPMENT 

1.  Maintain  a  construction  force  at  site,  including  supervisors, 
mechanics,  craftsmen  and  laborers,  sufficient  to  expedite  work, 

2.  Maintain  construction  equipment  at  site,  in  good  condition, 
as  necessary  to  expedite  work. 

3.  A  responsible  member  of  Contractor's  organization  shall  be 
at  the  site  at  all  times  while  work  is  in  progress. 

c.  UTILITIES 

1 .  WATER 

*  The  Contractor  shall  provide  facilities  for  water 
for  construction  purposes. 

2.  ELECTRICITY 

*  The  Contractor  shall  provide  his  own  source  and 
make  prior  to  construction  arrangements  with  utility 
company  or  occupant. 

d.  ACCESS  TO  SITE  AND  USE  OF  PREMISES 

1.  Access  to  site  is  nrantod  to  tho  woll  dovclopmont  contractor 

fOf     till'    I'VifO'.'.i  it    |':lr|ii)'j'    .it     |ii'i  !  m  III  I  llt|     Iti''    wuri      foi^     i  tS 
cons  t  I  lu.l  KJM    .nut    (  HI, IP  Id  ion  . 

2.  Till!   (out  i\u  till'    -.li.ill    ((iir.iill.   v/ilh    the    prfscnt    Ofiora  tor"   of 

t  i.j   "^  ■■>;    ' .     Cw..i  i!  i !.  I '  r    ■ '        .    ■  I     '•■■  M  ■..,<■;:  i(  I .    r    V  cti    t ;..'  - 
tion    >i;.il    iiOt    U!ii  •  .1    vHi  1,1 1  ,    '..,:.ifH'i     I'       (;j;(  f.j  ■.  i(,ii   uf    'J<i:    r>;jO. 

TESTi:.3  A:;D   INSPECTIQi'J 

a.       Cost  in  inspection,  sampling  and  testing  shall   be  paid  by 

Contractor  to  extent  noted  in  each  division  of  specifications. 
Results  of  tests  shall  be  binding  on  tho  Contractor. 


&j:uv  -  GENERAL  CONDITIONS 

fr  ■  ■  ""  '.^ 

1.  SPECIFICATIONS  AND  DRAWINGS 

These  specifications  are  intended  to  be  standard  specifications  intended 
for  use  in  a  number  of  different  types  of  construction  projects.  Instruc- 
tions to  Bidders,  Special  Conditions,  Plot  Plans,  Drawings,  and  Specifica- 
tions applicable  to  each  specific  contract  will  govern  over  these  standard 
specifications  only  when  they  call  for  different  results. 

Any  work  or  material  shown  on  the  drawings,  but  not  mentioned  in  the  speci- 
fications or  vice  versa,  or  anything  not  expressly  set  forth  in  either 
but  which  is  reasonably  implied  and  required  for  a  complete  workmanlike 
job  shall  be  furnished  by  Contractor  as  though  specifically  mentioned 
and  shown  In  both  without  additional  cost  to  the  Owner. 

2.  INSURANCE 

Contractor  shall  carry  at  his  own  expense,  comprehensive  insurance  in  the 
following  amounts: 

a.  Manufacturer's  and  Contractor's  Public  Liability: 

$100,000  for  each  person;  $300,000  for  each  accident; 

$100,000  for  property  damage,  to  cover  Contractor's 
operations  and  Contractor's  protective  liability  risk         /r^ 
in  respect  to  any  Subcontractors.  v_> 

b.  Owner's  Protective  Liability: 

$100,000  for  each  person;  $300,000  for  each  accident; 

$.103.0."'")    i\'ir   (ii~i|ii    -tv  ii.i-;i'i>,    1-'   (  ovi  r    n'.jii.'f '  ,    linfjility 
I. !  ;  ti   1  ,'-.|  u  .  I    ;  )  ,. !  I    II,    1 ,1 1  I  nil.   1 .1 1  I  I .   I   (III    iii.(ii-f    t  ti  i  s 

I  ."•:'  t  f.l     t     ;    .'    ;'i'ii  t  I     1   I    .  i     .111,1    III'.    '.i;l  .  I  III  i  r'<'  ■   I  CM    ,  . 

c.  Motor  Vehicle  LiabiliLy: 

$100,000  for  one  person;   $300,000  for  one  accident; 

$100,C0l    for  property  dainano. 

d.  Fire  and  Extended  Coverage  Insurance: 

Contractor  will  protect  his  own  tools  and  equipment. 

Before  starting  the  work  the  Contractor  will   require  his  insurance  company  to 
furnish  evidence  of  his   insurance  to  Owner  and  cigreos   to  t  ec()  it  in  force 
cc-.tinuous'iy  during  tlie  course  of  the  \iork.     All    insurance  policie'^  or  contracts 
>'..■.;"•    >'Gr,Liire  a   ten  days'    advance  vji'iticii  notiic   lo  Oi-n.^c  pti-n-   to  cancellation 
,  ■     .:ti.i'ia  I   al  t oration. 


c 
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3.  PERMITS  AND  ORDINANCES 

Contractor  shall  obtain  and  pay  for  all  permits,  approvals  and 
inspections  legally  required  for  any  part  of  his  work,  and  shall 
conform  to  all  ordinances,  laws  and  regulations  affecting  the  work 
covered  by  his  contract.  Contractor  shall  furnish  and  maintain 
any  bonds,  sureties,  and  temporary  deposits  for  construction  pur- 
poses which  may  legally  be  required  by  governmental  authorities, 
and  bear  all  costs  in  connection  therewith. 

Contractor  will  furnish  all  necessary  utilities  until  job  is  complete. 

If  any  features  of  construction  shown  on  Owner's  plans  do  not  conform 
to  legal  ordinances,  statutes,  or  regulations.  Contractor  shall  immedi- 
ately notify  Owner  of  such  discrepancy;  if  the  Contractor  performs 
any  work  contrary  to  such  legal  requirements  he  shall  bear  all  costs 
arising  from  the  correction  of  such  work. 

When  legal  requirements  require  changes  In  the  work  as  originally 
called  for  by  the  Drawings  and  Specifications,  Contractor  shall 
construct  the  work  in  accordance  with  such  requirements  without  addi- 
tional cost  to  Owner,  and  In  no  case  shall  these  changes  result  in 
any  kind  or  quality  of  work  in  any  way  inferior  to  that  originally 
called  for,  or  latest  codes  of  the  National  Code  of  Fire  Underwriters. 

4.  INSPECTIONS  AND  TESTING 

All  work  and  equipment  shall  be  tested  by  accepted  standard  methods 
or  as  outlined  in  the  Specifications  and  must  be  in  perfect  v;orking 
condition  when  accepted  by  Owner. 

'.■lOi'O  ■  ii-^pi  ct  ion  ti-  !(-•  ;iiii|  is  iriinurd  hy  l.iv;,  (it/  or  county  agencies, 
v'  ■  any  otniT  :o.iv,  i  mil  ^  .u  '  or  '.hi!  I  .in.iii'jC  .nil  pnv  fill  (O'.ts  und  supply 
iOrt  i  f  i.'vi  (  f  .  r.i  •,).;iiri  . 

5.  '"•\FS 

The  contract  sum  and  any  agreed  Vciiation  thereof,  shall  include  all 
taxes  imposed  Dy  law  INCLUDING  any  sales  tax. 

6.  SUB-CONTRACTS 

Contractor  will  supervise  the  work  of  all  subcontractors  and  be 
»-osponsible  for  the  coordination  of  their  work. 

7.  i;iSPECTION_pfJs'ORK 

Contracor  sh.ill    pornit  and  facilit.'to   inspection  of   thr?  v.ork   by 
v^,,noi"  a '.d   ni.ljiii:   ..u'    ^)ri '  ies   a'    >. '  '    tun.--,. 


i 
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^r    CHANGES 

Any  changes,  additions,  or  deductions  made  In  this  contract  will  be 
authorized  only  by  execution  of  "Extra  or  Credit  to  Contract"  form 
by  Owner  and  Contractor. 

9.  SAMPLES  AND  SHOP  DRAWINGS 

Contractor  shall  furnish  for  approval  all  samples  as  directed  by  the 
Drawings  and  Specifications. 

V/hen  necessary  in  connection  with  manufactured  or  fabricated  parts 
of  the  work.  Contractor  shall  furnish  promptly  complete  legible 
shop  drawings,  IN  DUPLICATE,  for  approval  and  no  such  work  shall  be 
manufactured  or  Installed  until  Owner  approval  in  writing  is  obtained. 
Such  approval  shall  not  be  an  acceptance  of  any  defective  work  or 
material  or  omission  of  any  parts  originally  called  for. 

10.  LAYOUT 

Contractor  shall  be  responsible  for  the  accuracy  of  all  lines  and 
grades  for  all  parts  of  the  work.  He  shall  do  all  field  work  necessary 
to  lay  out  and  maintain  the  work  and  make  available  to  Owner  all  infor- 
mation to  check  the  accuracy  of  such  field  work.  Owner  will  provide  by 
way  of  a  registered  engineer's  survey,  reference  points  and  bench  marks 
to  start  the  work. 

1 1 .  STORAGE  OF  MATERIALS  AND  EQUIPMENT 

Contractor  shall  provide  proper  storage  for  all  materials  and  equipment 
and  be  liable  tor  any  material  or  equipment  which  is  lost,  stolen,  or 

:.     ,v";,"vi    v' •■>    .'rli    sit'^,     i  i.r  1  i;,l  M.-]   I'.'.ih      i  :1     -in:!    (•■in-;;  int    furni^lu'J    '.ly    0.;ner. 

12.  :  '■■•LITY   OF    I  ■^2[)R   :\\r   riAl!  iUAl  S 

.Ml   materials,   i.'-iks-:  ot:'(M'..ise  s|if  ■  i»i(,illy  iinrc^frl,   '•.tiall    tr-  now  and 
cr"    t    :;   lost   ■-■■.il    :-,    ci.'t.i ;  n.. .  i  ^  iii;-:.  r    ;i.      i  (•,!)(-(  'ivi    Of..  J-,' ,   r,:llrJ    for. 
Jont'actor  siull  ,   (Juriiuj  v.orNiiij  ii.,its,  iiuiiiiuim  a  co,  ;patorit  tepresc-nta- 
tivc  to  uirect  tno  work  and  recoivu   instructions  from  O.-ncr.     Contractor 
will   perform  the  work  in  diligent  and  workmanlike  manner. 

13.  ROYALTIES  AND  PATENTS 

The  Contractor  shall   pay  all   royalties  and  license  fees.     He  shall 
defend  all   suits  or  claims  for  infringement  of  any  patent  rights  and 
shall   save  Owner  hariiiless  from  loss  on  account  thereof.     In  the  event 
tf^e  Contractor  fails   to  obtain  the  above-mont ionod  royalties  or  license 
•)S,   O.-.ner  rn'",orvrs   llio  ricjlit   lo  (jhtain  atul   pay   \-u    woAC/.'.ry  f.'f-- 


■  t.;;.'b 

.".•k!  ciia;"^;o  Conrr.^.rior   I'o; 
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USE  OF  PREMISES  ^ 

Owner  may  use  the  well  site  or  portions  thereof  when  substantially 
completed  so  as  not  to  hamper  the  work  of  the  Contractor.  Use  of 
the  premises  does  not  constitute  acceptance  of  the  job. 

15.  SPECIAL  WORK 

The  Owner  reserves  the  right  to  have  special  work,  outside  the  scope  of 
this  contract,  done  during  the  course  of  the  work  herein  included. 
^T*»pW  .    Contractor  will  allow  other  contractors  site  access  and  coordinate 
his  work  with  their  work. 

16.  OWNERSHIP  OF  DRAWINGS  AND  SPECIFICATIONS 

All  Drawings  and  Specifications  are  the  property  of  Owner  and  shall 
be  returned  to  Owner  upon  completion  of  the  work. 

17.  GUARANTEES 

Contractor  agrees  to  make  good,  without  cost  to  Owner,  any  defects 
in  materials  or  workmanship  which  may  develop  within  one  year  after 
completion  and  acceptance  of  the  work.  The  provisions  of  this  article 
shall  apply  to  work  done  by  subcontractors  as  well  as  to  work  done  by 
direct  employees  of  the  Contractor. 

18.  OWNERSHIP  OF  GUARANTEES.  ETC. 

Contractor  will  retain  all  guarantees,  installation  directions,  parts 
lists,  etc.,  furnished  with  equipment  and  turn  same  over  to  Owner  upon 


•"i.otiv";n  oi 


'..n-k. 
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10.     r..:.:'K's  RIGHT  TO  [i  iv:i!:j;\ir  (():jii<A(.i 

?!'.ould   tho  ContriTCtor  noqlcct   to   pr()''.ocuto   tho  work   properly  or  fail 
to   pt:'-fo'.'!  ar.y  !".••  ovio  ion  of    'i;o  «.  mir  t-.ict ;   s*  )'ilii    »rio  work   Lc   '".topped 
Ly  .iny   public   ajtiiOriLy   1'or  u   pci  ioi!  of   Lliirty  day.  oi'  n.oro,    tMO^gn 
f.o  fault  of  0'.;ner,  or  should   tho  v.jrk  be  stopped   through  act  or  neglect 
of  the  Contractor  for  a  period  of  tour  days;  or  if  progress  proceeds  at 
an  unsatisfactory  rate,   in  Owner's  opinion;   then  and  in  such  event 
O.vner  may,  upon  seven  days'  written  notice  to  the  Contractor,  without 
prejudice  to  any  other  remedy  available,  make  good  the  deficiencies  and 
deduct  the  cost  therof  from  the  payment  then  or  thereafter  due  to  the 
Contractor,  or,  at  Owner's  option,  terminate  the  Contract  and  take 
Dossession  of  all  materials,   tools,  and  appliances  and  complete  the 
\.3rr.  by  such  means  as  Owner  sees   fit.     If  Owner's  expense  in  so  con- 
oletir.n  the  work  exceeds   the  uni^.iid  t-.ilance  of  tho  Bid  Pricr-,   tr-.- 
.'ontractor  sri.ill    prci. iiily  pay   lUo.  d  i  i  I  (•rcnrr    ;n  f;.i)fi  . 

20.      r.^MR/.rT0'7'_S  RIGlil  TO   irRMIIiATI"  COfill^ACT 

v'ontractO!'  shall    have  all    I'itilits  oi'   rcrmination  of   ttii*;  Contract,   and  all 
'T  "ooios   for  br-oacii  hoi\'of,   .is   '.iiall    lio  provicli  d   hy    low   in   tiio  '".tat'';  wr.-rc-in 
'•\c  job   is    to   110  |\M-fon.)od. 


SECTION  1   -  WELL  SPECIFICATION 
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SECTION  1-1  -  GENERAL 

Sec.  1-1.1  -  Scope  of  Work 

The  work  to  be  done  hereunder  includes  the  furnishing  of  all 
labor,  material,  transportation,  tools,  supplies,  plant,  equip- 
ment and  appurtenances,  unless  hereinafter  specifically  excepted, 
necessary  for  the  complete  and  satisfactory  construction,  disinfec- 
tion, and  testing  of  the  proposed  water  supply  well  described  under 
Sec.  1-1.7. 

Sec.  1-1.2  -  Permits,  Certificates,  Laws  and  Ordinances 

The  contractor  shall,  at  his  own  expense,  procure  all  permits, 
certificates  and  licenses  required  of  him  by  law  for  the  execution 
of  his  work.  He  shall  comply  with  all  federal,  state  or  local 
laws,  ordinances  or  rules  and  regulations  relating  to  the  performance 
of  the  work. 

Sec.  1-1 .3  -  Location 

The  well   to  be  constructed  hereunder  is  to  be  located  at  Camp  Aqua,  ^^^^ 

approximately  5  miles  east  of  Hot  Springs,  Montana.     See  plan  for 

well    locations;   however,  verify  location  with  Engineer  before  construction. 

Sec.    1-1.4  -  Local   Condi t ions 

Ai  ■  vM"    to    att>U''',J   \:c\\     '.ii|.    (   •)    '  i)>-   ,iti    i  ml  1 1  ,1 1  Kill   ol     liic    f  ot"i;i.i  tion 
t:T   tie   oxpi'^ctoii.      Till',    ml  (in.i.i  I  ioi,    r(-i|,n-(liir|    Mih-Mnt  .k  f   conditions 
i  •;    intoiAicJ    lO  a'.-  '-.l    tl"     (ohIimi  I(i>     !■;   pi  cii.ii  i  mi   lii  ,   hid.      Ilowovor, 
tl'-o   owner   doos   no'    quarai:' co    :t'    .I'nu-.Kv,    ii'ir    th.''"    it.    is    norr-.<:  ■■ --i  ly 
"  "..i.".' '  ~  V  J   of   i'  '•  li  J  •!.'■.:  ^)   I'l     i  •!   Mi,:i;  .-J  ,  ■!    I  n     .  i  i.l  ■  ii:|    '  -.f  ;  ■■  1  ,   '  ■■ 

C'.  :  s  '  r\<v:  ted   horounior  ,   ai.d    Lh'?  eo  it  ru: '  of  shall    '..iti.-f/   hiir^-   r    rc:- 
narding  all    local    con,;  it  ions   af  ti''i:l  i'uj   nis  V;Ork   by   i^orGOnai    invooti- 
ciatioi^s,  and  neitner  tne   information  contained   in  this  section  nor 
that  derived  from  maps  or  plans  or  from  the  owner  or  his  agents  or 
employees,  shall   act  to  relieve  tho  contractor  from  any  responsibility 
het^Gunder  or  from  fulfilling  any  and  all  of  the  terms  and  rcquire- 
nients  of  his  contract. 


~) 


K??%-  Sec.  1-1.5  -  Boundaries  of  Work 

iM-^?  The  o»ffier  shall  provide  land  or  rights-of-way  for  the  work  specified 
in  this  contract  and  make  suitable  provisions  for  ingress  and  egress, 
and  the  contractor  shall  not  enter  on  or  occupy  with  men,  tools, 
equipment  or  material,  any  ground  outside  the  property  of  the  owner 
without  the  written  consent  of  the  owner  of  such  ground.  Other  con- 
tractors and  employees  or  agents  of  the  owner  may  for  all  necessary 
purposes  enter  upon  the  work  and  premises  used  by  the  contractor, 
and  the  contractor  shall  conduct  his  work  so  as  not  to  impede  unneces- 
sarily any  work  being  done  by  others  on  or  adjacent  to  the  site. 

Sec.  1-1.6  -  Protection  of  Site 

■^  Excepting  as  otherwise  provided  herein  or  as  excepted  by  the  owner, 

h_-    ••  the  contractor  shall  protect  all  structures,  such  as  walks,  pipelines, 

r'  trees,  shrubbery,  and  lawns  during  the  progress  of  his  work;  shall,  if 

so  instructed  by  owner,  remove  from  the  site  all  cuttings,  drillings, 
debris  and  unused  materials;  and  shall,  upon  completion  of  the  work, 
restore  the  site  as  nearly  as  possible  to  its  original  condition, 
^'  -'  ..        *:      including  the  replacement,  at  the  contractor's  sole  expense,  of  any 

facility  or  landscaping  which  has  been  damaged  beyond  restoration  to 
its  original  condition  or  destroyed.  Water  pumped  from  the  well  shall 
be  conducted  to  a  place  where  it  will  be  possible  to  dispose  of 
the  water  without  damage  to  property  or  the  creation  of  a  nuisance. 

^  Sec.  1-1.7  -  General  Description  of  Well 

The  completed  wells  are  to  consist  of  the  following  principal  items: 

A  first  section  a  minimum  of  80  ft.  depth  to  penetrate  soil,  sand, 
clay  and  gravel,  extending  from  the  surface  of  the  ground.  This 
section  to  be  drilled  ]6"/]H"    in  diciiii(>ter  and  cased  with  IZ./'JO"  o.d. 
X  .375  wall  black  steel  casing.  The  top  of  this  section  shall  have 
an  eight  inch  (8")  side  diverter  with  valve  and  shall  be  capped  with 
a  welded  metal  plate  and  shall  terminate  at  24"  above  the  ground 
elevation.  The  top  plate  shall  be  fitted  with  a  1"  threaded  coupling 
with  nipple  and  1"  gate  valve  for  a  water  bleed  a  1/4"  tap  with  0-30  psi 
pressure  gauge  and  a  2"   threaded  coupling  or  nipple  centered  with  a  plug 
or  cap.  The  annular  space  between  the  12"'  casing  and  the  drilled  hole 
shall  be  filled  with  grout  with  1  1/2"  min.  thickness.  If  a  temporary 
outer  well  casing  is  required  for  grouting,  it  shall  be  of  such  weight 
and  design  for  the  intended  use  to  the  depth  required,  and  shall  remain 
the  property  of  the  contractor. 

A  second  section,  extending  down  from  the  lower  end  of  the  upper 
section,  is  to  be  drilled  12"/10"  in  diameter.   If  the  formation 
requires  casing,  such  casing  shall  be  10.750"  o.d.  X  .355"  wall  black 
steel  casing.  Contractor  shall  be  prepared  to  perforate  or  furnish 
slotted  well  screen  at  any  depth  in  the  second  section  casing. 
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Special  care  and  precautions  shall  be  taken  to  properly  plan 
and  make  the  necessary  preparations  to  properly  handle  the  water 
from  the  drilled  well.  The  water  shall  be  conveyed  by  temporarily 
installed  pipe  to  the  most  westerly  stilling  basin  near  the  drill 
site.  Special  care  shall  be  exercised  to  assure  no  erosion  of  the 
ground  or  embankments.  All  temporary  construction  shall  be  removed 
after  completion  of  the  well  development.  The  divorter  section 
at  the  casing  top  shall  be  properly  positioned  to  allow  flow  in 
the  correct  direction  to  access  the  temporary  pipeline.  Joints 
and  diverter  connection  shall  be  made  to  avoid  leakage.  The 
diverter  8"  valve  shall  renain  with  the  well. 

Sec.  1-1.8  -  Competent  Workmen 

The  contractor  shall  employ  only  competent  workmen  for  the  execution 
of  his  work,  and  all  such  work  shall  be  performed  under  the  direct 
supervision  of  an  experienced  well  driller  satisfactory  to  the  engineer. 


SECTION  1-2  -  CASINGS 

Sec.  1-2.1  -  Casings 

Casings  to  be  used  hereunder  as  a  part  of  the  permanent  well  shall 
be  of  new  black  steel  having  the  following  minimum  weights  and 
dimensions:  12.750  in.  casing  49.56  lb.  per  linear  foot,  10.750  in. 
casing  40.48  lb.  per  linear  foot.  Casing  shall  be  provided  with 
drive  shoes  of  approved  type.  Casings  shall  have  welded  joints. 
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new  or  unused,   and   remain   the  property  of   the  contractor. 

SECTION  1-3  -  DESCRIPTION  OF  WORK 

The  objective  is  to  construct  one  production  water  well,  which,  by 
artesian  flow,  or,  when  equipped  with  permanent  well   pumps,  will 
yield  500  gpm  in  continuous  operation. 

The  contractor  shall   use  his  discretion  and  judgment,  based  on 
his  drilling  experience  in  the  area  and  the  yield  required,   to 
select  equipment  and  I'letiiods  of  construction   tnat  Ijcst  arliiovo 
t''.e  desired  '-esults.      In  any  c.ko,  all    riMniiri,  i-nt '    uf   t'c-.r.' 
f  .'CCi  f  "ica"  lOas    am'    thOsi'   .u     th,'    rrvii      imi    ,aili    ■.  Mif'.    'd;  i  I  I    hf    in-t.. 
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SECTION  T-4  -  TESTIM6  FOR  YIELD  AND  DRAWDOWN 
Sec.  1-4.1  -  Time  of  Test 

After  the  well  has  been  completely  constructed  and  cleaned  out  and 
its  depth  accurately  measured,  the  contractor  shall  notify  the 
engineer  to  that  effect  and  shall  make  the  necessary  arrangements 
for  conducting  a  final  test.  Besides  this  final  test  the 
engineer  may  order  the  contractor  to  make  such  additional  pumping 
tests  during  and  after  construction  as  he  d'-ems  necessary.  All 
tests  shall  be  run  with  similar  equipment  and  in  a  like  manner 
to  that  hereinafter  described. 

Sec.  1-4.2  -  Test  Pump 

Artesian  flow  is  anticipated  at  the  drilling  location.  However, 
the  contractor  shall  furnish  and  install,  if  necessary,  pumping 
equipment  capable  of  pumping  to  the  required  point  of  discharge 
a  maximum  of  at  least  750  gpm  with  satisfactory  throttling  devices. 

The  pumping  unit  shall  be  complete  with  prime  mover  of  ample  power, 
controls  and  appurtenances  and  shall  be  capable  of  being  operated 
without  interruption  for  a  period  of  48  hours. 

Sec.  1-4.3  -  Auxiliary  Equipment 

The  contractor  shall  furnish  all  necessary 
pumping  unit,  which  shall  be  of  sufficient 
duct  the  water  being  pumped  a  distance  of  1 
sufficient  distance  so  that  discharge  from 

■-.-n  allow  dtMinaqo  flow  Ihnt  will  not  rofii 

'  '  vT      'i.'T.iSll,       I  I     ,  :  .1  1   1      ,ll,i|     M.lllll.lMI     (  1(11  i  |mIm   I, 

;  V  j-o  i"or  .  iMsiiri  nn  ;  k?  1Iow  (it  water;  mu  h 
i~ov,  (.■ritice,  ov  w.iIiM"  iii(>lt>»  .  lo  nnMsiin'  i 
level  in  tlio  well,  an  aii-  lino  coinplct  (>  wit 
check  valve  shiU  be  providcil.  Llnit>',s  othi^ 
ai>-  line  siiall  bo  sccui'cly  fastened  to  the 
terminate  approximately  at  the  maximum  desi 
in  Sec.  1-4.2,  but  shall  in  no  case  be  \m  av 
end  of  the  suction  pipe. 

Sec.   1-4.4  -  Duration  of  Test 


discharge  piping  for  the 
size  and  length  to  con- 
25  ft.    from  the  well,  or 
developing  and  testing 

i-n     to     the    i.ol  I  .       [jr..    ■-.hall 
'    1)1    ,i|i(.i  uvcij   ■.  i  /(,'   (iiiij 
I  (|ii  i  |jiiicn  I    to   ho  a   wc.'i  r 
ill    (■  i  I'Vd  I  ion  of    the  water 
\\   fj.uKic,    liand   pump,   and 
rw  i\('   |..criiii  tfed,    the 
pumpincj  unit  and  shal  1 
rctl   pumping   level    stated 
cr    thdu  2   ft.    to   the 


Except  as  otherwise  provided,   the  contractor  shall   furnish  all    labor, 
r.otivG  pov/er,   lubricating  oil   and  other  necessary  materials,  equip- 
"■ent,   labor  and   supplies   required  and   shall   operate   the  pumpinq  unit 
::t:  such  rates  of  discharrie  and   for  surti  period;  of   timo  a<,  dirpf.r.j, 
excepting   that   Iho   rinal    tost,  sh.ill    lo  ruu   I  i.    .,   peritKl  o;    2-''.  nou-  ., 
or   until    sr,"!l)ii.\    1    •!      v.-dewn    lia'     i  ui,  I  i  imcI    I(,,     ,i  i     i-    i.l 
■.•'.;■•■■    tes*"    i')i..';pi:il    ,i  I     /  ^U   mj.'!.      A' i  mIchI.iI     i  n  k  i  i  npl  ii^i 
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■■,         Sec.  1-4,4  -  Duration  of  Test  Cont'd 

t .,  — " c 

'■■"■■>■     remove  by  balling,  sand  pumping,  or  other  methods  any  sand,  stones, 
or  other  foreign  material  that  may  have  become  deposited  in  the  well. 
Time  stated  for  the  duration  of  the  final  test  is  a  minimum  only,  and 
the  engineer  reserves  the  right  to  require  the  contractor  to 
extend  such  period  of  test,  or  to  make  additional  tests. 

Sec.  1-4.5  -  Test  Method 

The  contractor  shall  outline  his  proposed  test  method  prior  to 
testing  and  present  it  to  the  engineer  for  approval.  This 
proposal  shall  include  the  type  of  test  pump  proposed,  with 
the  pump's  capacity-head  characteristics. 

Sec.  1-4.6  -  Data  and  Recordings 

The  contractor  shall  record  and  provide  the  following  data  at 
the  starting  and  ending  of  each  test  cycle: 

1)  Artesian  Pressure,  and/or 

2)  Static  water  level 

3)  Depth  of  test  pump 

4)  Time  at  starting  and  ending 

During  the  testing,  the  contractor  shall  provide  the  following 

data,  collected  at  a  minimum  of  one  hour  intervals:  i(^ 

1)  Artesian  Flow  Rate,  and/or 

2)  Pumping  rate 

3)  Pumping  water  level 

4)  Dravjdov;n 

SFfTio^j  1-5.1  -  .rumn:;,;  .v.u  '\\,\}  w.w 

%^S  •  1-5.1  -  G^ro_ii_t_i  1 1  q  M at e i •  i a  1 

The  annular  space  betvjoon  tlio  inner  or  protective  casing  and  the 
outer  casing  or  hole  shall  bo  filled  with  cement  grout.  Grout 
snail  be  proportioned  cf  cement  and  tht;  iiiiniiiiu;n  quantity  of  water 
(not  over  6  gal.  per  cubic  foot  of  cement)  required  to  give  a 
mixture  of  such  consistence  that  it  can  bo  forced  through  the 
grout  pipes.  The  mixture,  method  of  mixing,  and  consistency  of 
grout  shall  bo  approved  by  the  enyineer. 

Sec.  1-5.2  -  Placement  o f_ Gj'O u t 

Before  p'-Qceeding  v/ith   the  jilacing  of   ttio  grout,    tf.e  contractor 
siijll    scraro    Mie   or.oi  i.ooi' 's   ..piit'i.val    of    (he  ni'lhod    I''   \>Hi  ■(>'.(:■', 
'.v')   I. so.      ",0  '■'Li);o>i   .viil    iu^  a.iijjicj-.   ;    i!),it.   tin.',    i.:)'    '|>ccify    the 
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Sec.  t'S.2  -  Placefwent  of  Grout  Cont'd 

forcing  of  grout  from  the  bottom  of  the  space  to  be  grouted  towards 
the  surface.  A  suitable  cement  retainer,  packer,  or  plug  shall  be 
provided  at  the  bottom  of  the  inner  casing  so  that  grout  will  not 
leak  through  into  the  bottom  of  the  well.  The  grouting  shall  be 
done  continuously  and  in  such  a  manner  as  will  insure  the  entire 
filling  of  the  annular  space  in  one  operation.  No  drilling  opera- 
tions or  other  work  in  the  well  will  be  permitted  within  72  hours 
after  the  grouting  of  casings.  If  quick-sotting  cement  is  used, 
this  period  may  be  reduced  to  24  hours. 

Sec.  1-5.3  -  Grouting  Liners 

Where  required  by  the  engineer,  liners  shall  be  grouted.  The  method 
to  be  used  shall  be  detailed  by  the  contractor  for  the  approval  of 
the  engineer. 
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SECTION  1-6  -  TESTING  FOR  PLUMBNESS  AND  ALIGNMENT  r 

Sec.  1-6.1  -  Requirement  to  Test 

All  holes  shall  be  constructed  and  all  casing  and  liners  set  round, 
plumb,  and  true  to  line  as  defined  herein.  To  demonstrate  the  compli- 
ance of  his  work  with  this  requirement  the  contractor  shall  furnish 
all  labor,  tools  and  equipment  and  shall  make  the  tests  described 
herein  in  the  manner  prescribed  by,  and  to  the  satisfaction  of,  the 
engineer.  Tests  for  plumbness  and  alignment  must  be  made  after  the 
complete  construction  of  the  well  and  before  its  acceptance.  Addi- 
tional tests,  however,  may  be  made  by  the  contractor  during  the 
performance  of  the  work.  No  specific  payments  shall  be  made  by  the 
owner  for  making  these  tests. 

Sec.  1-6.2  -  Description  of  Test 

Plumbness  and  alignment  shall  be  tested  by  lowering  into  the  well 
to  a  depth  equal  to  that  of  the  final  permanent  well  pump  setting 
a  section  of  pipe  40  ft.  long  or  a  dumn\y  of  the  same  length.  The 
outer  diameter  of  the  plumb  shall  not  be  more  than  1/2  in.  smaller 
than  the  diameter  of  that  part  of  the  casing  or  hole  being  tested. 
If  a  dummy  Is  used,  it  shall  consist  of  a  rigid  spindle  with  three 
rungs,  each  ring  being  12  in.  wide.  The  rings  shall  be  truly  cylin- 
drical and  shall  be  spaced  one  at  each  end  of  the  dummy  and  one  ring 
in  the  center  thereof.  The  central  member  of  the  dummy  shall  be  rigid 
so  that  it  will  maintain  the  alignment  of  the  axes  of  the  rings. 

Soc.  1-6.3  -  Requirements  for  Plumbness  and  Alignment 

Should  the  plumb  or  dummy  fail  to  move  freely  throughout  the  length 
ot  tf.o  Casiii-:  ■^•'  i.ol.'  t,i  ,1  I'li'th  (iiii.il  to  liiit  ot  tl.f  finol  pornianont 
ul""!!  pum ;  soLtnui  Oi  Mioiild  \\w   u'i'l  '  v.uy  fnnn  (tic  vcrriCdl  in  excess 
.  :'  t'..o-t  iii  rJ-;  'iii'  '■;.illi-l.  ii,,!iL'  (ii.iiuctci-  or  tliM.  |.,ii  t.  of  Wi"   Vi*"'!! 
::einij  tested  1).m"  lOvJ  li.  oi  ki.-iilt:,  ..i  l>i-/ijr.:l  I  ii,i  i  t,i  Licjii',  ot  tiii"",  test, 
the  olur..jness  nnd  al  ignnient  of  the  wl'1]  stuill  be  corrected  by  the 
contractor  at  his  own  oxpcn::e.  Should  the  contractor  fail  to  correct 
such  faulty  alignment  or  plumbness,  the  engineer  may  refuse  to  accept 
t!ie  well.  The  engineer  may  waive  the  requirements  of  this  paragraph 
for  plumbness  if,  in  his  judgment:  (a)  the  contractor  has  exorcised 
all  possible  care  in  constructing  the  well  and  the  defect  is  due  to 
circumstances  beyond  his  control;  (b)  the  utility  of  the  completed 
well  will  not  be  materially  affected;  (c)  the  cost  of  necessary 
remedial  measures  will  be  excessive.  In  no  event  will  the  provisions 
of  this  paragraph  with  respect  to  alignment  be  waived. 


V. 
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^TION  t-y  -  DISINFECTION  AND  WATER  QUALITY 
T^4^  'fe^-;  Sec.  U7A   -  Tine  of  Disinfection  ' 
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After  the  well  has  been  completely  constructed,  it  shall  be 
thoroughly  cleaned  of  all  foreign  substances,  including  tools, 
timbers,  rope,  debris  of  any  kind,  cement,  oil,  grease,  joint 
dope,  and  scum.  The  casing  pipe  shall  be  thoroughly  swabbed, 
using  alkalis  if  necessary,  to  remove  oil,  grease,  or  joint  dope. 
The  well  shall  be  disinfected  with  a  chlorine  solution  after  comple- 

'^"~  ~''      tion  of  work,  if  a  substantial  period  elapses  prior  to  test  pumping 
or  placement  of  permanent  well  pump,  and  shall  be  disinfected  after 

■^~ . ■r-'^.-f-     -   placement  of  permanent  well  pump. 

Sec.  1-7.2  -  Chlorine  Solution 

The  chlorine  solution  used  for  disinfecting  the  well  shall  be  of 
such  volume  and  strength  and  shall  be  so  applied  that  a  concentra- 
,        tion  of  at  least  50  ppra  of  chlorine  shall  be  obtained  in  all  parts 
of  the  well.  Chlorine  solution  shall  be  prepared  and  applied  in 
accordance  with  the  directions  of,  and  to  the  satisfaction  of,  the 
engineer,  and  shall  remain  in  the  well  for  a  period  of  at  least 
two  hours. 

Sec.  1-7.3  -  Requirements  for  Disinfection  of  Test  Pump 

In  the  event  that  the  test  pump  is  installed  after  the  well  has 
been  disinfected,  all  exterior  parts  of  the  test  pump  coming  in 
contact  with  the  water  shall  be  dusted  with  a  chlorine  compound 
as  directed  by  the  engineer. 

Sec.  1-7.4  Analys is  of  D i s i nf ccted  Wei  1  Wa ter 

•>;tor  disintoct  ii  n,  one  or  i.ofi:   w>ilfi  siiiiiplc,  shall  (jc  submitted 
t."'  a  laboratory  sat  i'.f.u;  lory  to  (lu>  i  I'v  icwi  ik]  ,i(|ctiry  for  micro- 
biological analysi'-.  i.tli  sat  i  .t.u.  toiy  ii.'SuM.'.  i  cpot  ted  to  the 
agency  and  the  engineer  prior  to  placing  the  well  into  corvice. 

Sec.  1-7.5  -  Physical  and  Chofnical  Quality 

The  well  water  shall  be  examined  for  applicable  physical  and  chemical 
characteristics  by  tests  of  a  representative  sample  in  a  laboratory 
satisfactory  to  the  reviewing  authority,  with  the  results  reported 
to  the  authority  and  the  engineer.  Samples  shall  be  collected  at  the 
conclusion  of  the  test  pumping  procedure  and  examined  as  soon  as  possible, 
Field  determinations  of  physical  and  chemical  constituents  or  special 
sar,p1ing  procedures  may  be  required  by  the  reviewing  authority. 

See.  1-7.6  -  Rad i o 1 oq  i ca 1  Oua 1 i  ty 

•AOi^roiontJtive  well    ■..•.iter  -..uiples   <;h.ill    |)p  (■•.iniidrd   .md    tested   for 
r.vliological    activity    in  a    laliOrMtory   -atist.Ktory   to    thi-  rev  ie.;infi 
o..thority  ivith   results   rcjiorted   to   the  agency  dtid   the  engineer. 
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rifecTIOlg  t-7  -  DISINFECTION  AND  WATER  QUALITY 
Sec.  U7.1  "  Time  of  Disinfection 
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After  the  well  has  been  completely  constructed,  it  shall  be 
thoroughly  cleaned  of  all  foreign  substances,  including  tools, 
timbers,  rope,  debris  of  any  kind,  cement,  oil,  grease,  joint 
dope,  and  scum.  The  casing  pipe  shall  be  thoroughly  swabbed, 
using  alkalis  if  necessary,  to  remove  oil,  grease,  or  joint  dope. 
The  well  shall  be  disinfected  with  a  chlorine  solution  after  comple- 
tion of  work,  if  a  substantial  period  elapses  prior  to  test  pumping 
or  placement  of  permanent  well  pump,  and  shall  be  disinfected  after 
placement  of  permanent  well  pump. 

Sec.  1-7.2  -  Chlorine  Solution 

The  chlorine  solution  used  for  disinfecting  the  well  shall  be  of 
such  volume  and  strength  and  shall  be  so  applied  that  a  concentra- 
tion of  at  least  50  ppm  of  chlorine  shall  be  obtained  in  all  parts 
of  the  well.  Chlorine  solution  shall  be  prepared  and  applied  in 
accordance  with  the  directions  of,  and  to  the  satisfaction  of,  the 
engineer,  and  shall  remain  in  the  well  for  a  period  of  at  least 
two  hours. 

Sec.  1-7.3  -  Requirements  for  Disinfection  of  Test  Pump 

In  the  event  that  the  test  pump  is  installed  after  the  well  has      /^ 
been  disinfected,  all  exterior  parts  of  the  test  pump  coming  in       <y^ 
contact  with  the  water  shall  be  dusted  with  a  chlorine  compound 
as  directed  by  the  engineer. 

Sec.  1-7.4  Analysis  of  Disinfected  Well  Water 

■\:'tor  uis  infect  Kii ,  one  or  mori.'  watti  Siiiiiplcs  stial  I  bo  submitted 
t^'"  a  laboi\itory  satisfaotory  to  t  lie  rcvicvjirKi  (Mjcdcy  for  micro- 
biological analysi'")  with  satisfactory  result',  icpof  tod  to  the 
agency  and  the  engineer  prior  to  placing  the  well  into  service. 

Sec.  1-7.5  -  Physical  and  Chemical  Quality 

The  well  water  shall  be  examined  for  applicable  physical  and  chemical 
characteristics  by  tests  of  a  representative  sample  in  a  laboratory 
satisfactory  to  the  reviewing  authority,  with  the  results  reported 
to  the  authority  and  the  engineer.  Samples  shall  be  collected  at  the 
conclusion  of  the  test  pumping  procedure  and  examined  as  soon  as  possible. 
Field  determinations  of  physical  and  chemical  constituents  or  special 
sar.pling  procedures  may  be  required  by  the  reviewing  authority. 

Soc.  1-7.6  -  Radioloq ical  Dual i  ty 

•\o:'ro;JOntati vo  well  i.MtiM"  s,iM|)los  shil!  he  (v;,ii!iirir(l  and  te',t(;(l  for 
:>u!iological  activity  in  a  hibor-atory  satisfactory  to  t!u'  reviewing 
r...tf.ority  witii  results  ro|)Ortod  to    the  agi'iu  y  and  the  engineer. 


70J-  .^..     :,..^. 

SECTION  1-8  -  SAMPLES  AND  RECORDS 

Sec.  1-8.1  -  Samples  of  Formations 

The  contractor  shall  keep  an  accurate  record  of  the  elevation  to 
vghich  the  water  level  stabilizes  as  each  aquifer  is  encountered 
and  of  the  location  of  the  top  and  bottom  of  each  stratum  penetrated, 
and  shall  save  and  deliver  to  the  engineer  a  sample  taken  from  each 
5  feet  of  drilling  and  at  ewcry   change  of  formation. 

Sec.  1-8.2  -  Record  of  Casing  Pipe 

The  contractor  shall  keep  an  exact  record  of  the  order  in  which 
each  piece  of  pipe  is  installed  in  the  well,  identifying  each  by 
y  number,  size,  and  length. 

Sec.  1-8.3  -  Record  of  Material  Removed  During  Development 

The  total  number  of  cubic  feet  of  material  removed  from  the  well 
as  a  result  of  developing  the  well  shall  be  recorded  by  the 
contractor. 

Sec.  1-8.4  -  Daily  Reports 

y^  The  contractor  shall  also  submit  a  daily  report  describing  the 

nature  of  material  encountered,  the  work  done  during  each  day, 
including  such  items  of  work  accomplished  as  depth  drilled,  casing 
set,  the  water  level  in  the  well  at  the  beginning  and  end  of 
each  shift,  and  such  other  pertinent  data  as  ho  is  requested  to 
•  .'COVJ  Tv  til  ^  .T  ■;  i'  I  .M'. 


.^■^ 


SKTION  1-9  -  PROTECTION  OF  QUALITY  OF  WATER  ( 

Sec.  1-9. T  -  Precautions  to  Be  Taken 

The  contractor  shall  take  such  precautions  as  are  necessary  or  as 
may  be  required  permanently  to  prevent  contaminated  water  or  water 
having  undesirable  physical  or  chemical  characteristics  from  enter- 
ing, through  the  opening  made  by  the  contractor  in  drilling  the 
well,  the  stratum  from  which  the  well  is  to  draw  its  supply.  He 
shall  also  take  all  necessary  precautions  during  the  construction 
period  to  prevent  contaminated  water,  gasoline,  or  any  other 
contaminant  from  entering  the  well,  either  through  the  opening  or 
by  seepage  through  the  ground  surface. 

Sec.  1-9.2  -  Corrective  Work 

In  the  event  that  the  well  becomes  contaminated  or  that  water  having 
undesirable  physical  or  chemical  characteristics  enters  the  well  be- 
cause of  the  neglect  of  the  contractor,  he  shall,  at  his  own  expense, 
perform  such  work  or  supply  such  casings,  seals,  sterilizing  agents 
or  other  material  as  may  be  necessary  to  eliminate  the  contamination 
or  shut  off  the  undesirable  water. 

Sec.  1-9.3  -  freedom  From  Sand  and  Turbidity 

The  contractor  shall  exercise  extreme  care  in  the  performance  of 
his  work  in  order  to  prevent  the  breakdown  or  caving  in  of  strata 
overlying  that  from  which  the  water  is  to  be  drawn.  He  shall  develop 
pump,  or  bail  the  well  by  such  methods  as  may  be  approved  by  the 
engineer,  until  the  water  pumped  from  the  well  shall  be  substantially 
free   from  sand  vind  until  the  turbidity  is  loss  than  5  nq/1  as  detor- 
.'  vv\'  bv  the  ^ipinoiir  1,1 1 1.'  luMmOiI  fdi'  lict  cr  m  i  n  i  m|  ■,  i  I  icd  ii',  ouMinod 
II,  '^tiind-iid  Mct:ui!',  tor  tlir   x.'mjii,! t  ion  ot  U.iior  dtid  ll.i"", tcuator ,  or 
;,-.  ;..oas;ii\J  hy  .;  i  im  1 1- i  r  ,.1,1  i  •  ^in.l  ■.(■(■.naf  in'i  1,  ■Icr,  '.iirh  <i'',  do^cribcd 
in  Jour.  AV.'IJA,  -lurlL'o  (liu.  19L^),  ur  ecju  1  Vd  I  (.'n  t. 

uQTE:  In  the  case  of  a  correctly  constructed  v.cll  that  vnll  not 
clear  up  despite  the  best  efforts  of  the  contractor,  the  requirements 
relative  to  quality  of  water  contained  in  the  last  sentence  may  be 
waived. 


SECTION  1-10  -  TEMPORARY  CAPPING 

At  all  times  during  the  progress  of  the  work,  the  contractor  shall 
protect  the  well  in  such  manner  as  effectively  to  prevent  either 
tarr.pering  with  the  well,  or  the  entrunce  of  foreign  matter  into  it. 
Upon  completion  of  the  well  tlie  contractor  shall  provide  and  set  a 
substantial  scrci.ed,  flanged,  or  welded  cap  satisfactory  to  the 
engineer. 

SECTION  1-11  -  ABANDONMENT  OF  WELL 

In  the  event  that  the  contractor  shall  fail  to  sink  the  v^el  1  to  the 
depth  specified  or  to  such  lesser  depth  as  ordered  by  the  engineer, 
or  should  he  abandon  the  well  because  of  loss  of  tools  or  for  any 
other  cause,  he  shall,  if  requested,  and  as  directed  by  the  engineer, 
fill  the  abandoned  hole  with  clay  or  clay  and  concrete  and  remove 
the  casing.  Salvaged  material  furnished  by  the  contractor  shall 
remain  his  property. 


( 

SECTION  1-A  -  DRILLED  WEJL  PROPOSAL  FORM 
UNIT  PRICE  BASIS 

IT_EM_J^  -   For  setting  up  and  removing  equipment,    the  lump  sum  of 
y/^4>M  Xu?  /^Mfiif/i?  ^^M>  ^/^Mnf ^dollars  and   /C^ ^cents   (S.^:^—    )■ 

;~c>l__2   -   for  drilling,   casing,  and   scaling  approximately  P-U   ft.   of   16" 
hole,  with   12.75"  o.d.   casing,   including  any  necessary  couplings  and  shoes, 

thf   sui:;  of  ^Ai^ /it/AJM^d)  >^><-<^  ^^A dol  lars   and/Sfcy^-^A^^cents 

( S  /D4  ^    ")"  p"-?"r   linear  foot. 

ITEM  3   -   For  drilling  approximately   195  ft.   o:-  bedrock  of   12   in.   uncased  hole, 

tne  sum  of T/^jifff  A^/a/6 dollars  and     A/i> cents 

(5    39 ^        ")   per  linear  foot. 

ITEM  3-A  -  For  casing  approximately  275  feet  of  12"  hole  with  10.750"  o.d. 

casing,   including  perforations  as  required,   the  sum  of    A^a/^/is^J 

dollars  SivA^^^^n/./j^x.  cents   ($  /f^  )   per  linear  foot. 


^L^'iA  ■   Furnish  and   install   a   ten   inch   telescope  size  Johnson  stainless 
steel   continuous   slot  well    screen;   Estimate  10',   the  sum  of ^A/^M^Mp<^4>  y^A^ 
/i//A<//y /gfc^/g dollars  and    /^^^ cents   ($yf^^_ Iper   linear  ft. 

■'tM  5   -   Perforating   the   ten   inch  casing   in   place,    the  sum  of  SjfikfAjy^  «5x* 

dollars   and   /t^ cents    (S    /?S^^ )por   linear   ft. 

'.~l''  ti   -   For  qfoLitiiiq   of  jniuilar  S|)ace   botv;(>on    10. /'j    m.    (d'',iiirj  and    12'    hole, 

:■    '     ■        ■  •  -■       ,  -   l.|    iiiiil         1..'-:    .,1,    I  (ir     '     ■■  't    ■.  ,1  ■  ■   i  '.■     ■  •    ' 

'.      "      - '■.   -   "ui"  ^i:"ririn   u(i  a-i>i   removinu    'osl   puiii()  umU  i  pnifii' ,    •"•i.:    i  l. 

'      A/^aJ£ /^^iCJi^'^^ /^A/^ /^//^r-/  dollars   and     ji/q  Ltiir,    (v_,    ^0^         ;. 

I       ■  .-   -    --or    ..1  scol  1  anoous  work  and  matenal,    iiiLludincj   tirsi.    •>;(■  \.\'.:\- 

,:;    'y  aiul   pi  (..iiibiiess   and  aliqument,    ffio   I  uiii[)  suui  of  Ti^j^Saatu  S^a  /ViMjiOie'fo -^-a^^ 
Tio^AATi^. /^/i'^ ^dolldf-s  and  yi^ cents   {S  ^^^.ao  )■ 

.■     *'.;'  iviMit   that   the   linoar   footaqt".   or   time  durations   excpi.d  Cr    are    '\--^\ 
■:r    as   ;',:i,;s;  •.:^d    -n    Ir'.-i.is   2,   J,   3-A,   4  &   5.    the   pavniont   to    Mie    .on-s    .-or 
.    ''    :u?   .a;..!  Ill    t'O   ai',  :r    prices   as    oid. 
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^         The  Bidder  agrees  that  upon  written  acceptance  of  this  bid,  he  will 
within  ten  (10)  days  of  receipt  of  such  notice,  execute  a  Contract  a 
that  he  will  provide  acceptable  Surety  Bond  or  Bonds,  as  required 


I 


! 


The  Owner  reserves  the  right  to  reject  any  or  all  bids  and  to  waive  any 
informal ities  in  the  bidding.  ^ 

The  undersigned,  if  awarded  the  contract,  agrees  to  complete  all  work 
within  SIX  y  (60)  calendar  days  of  beginning  of  construction,  in  accord- 
ance \,ith  tne  terms  of  the  Contract.  "^Lura 

By :  _^^^«^^^  <^i^i,^^-f 


Title: _^^^^^ut*66  ^^yfz/AK^^^iCx:^ 


Official  Address: 

Street  or  Box :     S^^  //^SMuj/ty  93*  di>c>^ 


City  and  State:  /(^f^^^c^^n Zip  Code :^^5^^ 

Contractor's  Montana  License  Number:  SJ/S'A 


u\\)    •:     ili;  IJl.i-: 

P.ifjO    ?    Of     ? 


Wi:iJ,  ()WNi:i<:   .l.iy  Ciis.-ii-l  I 

Aurora,  liiinols 

WICLL  LOCATION:   T.  22  N.,  R.  23  W.,  sec.  29  liADI) 

TOTAL  DLPTU:   1002  Coot 

COMPLETION:   +0.5'-104',  8  5/8"  casing,  no  perforations,  cemented  in  with 
nine  sacks  cement 

+2.5'-264',  6  5/8"  casing,  no  perforations,  cemented  in  with 
two  sacks  cemont 

+2.5'-980',  2  3/8"  liner,  scaled  botto.u,  no  perforations, 
(for  logging  tools) 

264'-1002',  open  hole  6  //8" 

T.D.   1002' 

CONDENSED  WELL  LOG: 

0-57'  I-ight  to  medium  brown  moist  friable  silt  and  silty  clay 

57'-138'  Dense  rubbery  medium  to  dark  brown  silty  clay  and  clay 

138'-140'  Dark  brown  clay,  sharp  angular  gravel  fragements 

140' -180'  Dense  rubbery  medium  to  dark  brown  clay 

180' -205'  Brown  and  groy-brown  silty  clay  and  clay 

205'-239'  Crcy  to  bluish-grey  soft  rubbery  clay,  thin  sand  seams 

239'-2A0'  Thin  hard  cap  rock  (^ 

240' -264'  (iravol,  intorbodded  sand 

264'-L002'    Fine  grained  grey-);reen  and  blue-grey  argillite  with  inter- 
boddod  quarizito;  maior  water-bearing  fractures  at 

liM'  (,  J  i-.P'") 

JSu'    (JO  ,;iiiii) 

y)'i '     (  1  'j  ■  ,1>!1|) 

'j-'rj'    ('lO  r,pi:i) 

4u(i'--'.uy'    ylZ'.-y   i'pmj 

4  30' -440'    (40  gpiii) 

466' -4  08'    (35  gpm) 

529'-538' ,  570'-578'    (350  gpm) 

640' -690'    (50  ,;pni) 

SUL   on    1/12/81         10.20    psi    (+2  3.6    IL.) 

TOlAL   YIl'.Li):       730-fU)0   );al/iiiin    from   hrdroiik    (boforo    2"    1  inor   sot) 
(iio    perforations    in   gravel) 

500-'  )0  ^-.pm    (alti-r    2"    liner    sot) 

NOI  L :      Water    producing    ;'.onos    in    bedrock    aro    liydrolog,  ical  1  y    connected    to        /"■ 
Lhe    overlying    gravel    l)ed . 

I-LMPINC   ■.w\T1:K    I.i-;Vi;L:      +20.6    ft.    after    70    lirs.     flow   at    500   gpm. 
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Jacliflla  [nyinBepIng  Co. 


February  12,   1982 


State  of  Montana 
Dept.   Natural   Resources 
and  Conservation 
32  South  Ewing 
Helena,  MT  59620 

Attention:     Ms.   Peggy  Nelson 

Re:     Status  Report 
Grant  #551-811 

Dear  Ms.   Nelson: 

In  response  to  your  letter  dated  January  27,  1982,  attached  is  a 
status  report  and  progress  relating  toward  siting  the  geothermal 
production  well . 

We  have  also  attached  a  preliminary  specification  on  the  production 
well  drilling  for  your  review.  We  are  anxious  to  proceed  with  the 
well  development  pending  DNRC  approval  to  pt-oceod.  A  permit  ^32593 
has  been  assigned  to  the  well  dt^vclopnipiit. 

Ug  will  provide  follow-up  insct-ts  for  this  report  through  the  comple- 
tion of  the  Grant  effort.   In  addition,  we  will  provide  related  data 
on  further  developments  in  connection  wi  tfi  the  resource  as  the  project 
development  takes  place. 

Kindly  review  the  attached  information  and  we  would  answer  any  ques- 
tions you  may  have,  to  the  best  of  our  ability. 


C 


Very  truly  yours, 
Thor  A.  J4ckola 


/. 


TAJ:sh 

cc:  Mr.  Van  Jamison 
Mr.  Jeff  Birkby 


C 


575  SUNSET  BOULEVARD 


P  O   BOX  1  134 


KALISPELL.  MONTANA  59901 


406-755-3208 


Jacbia  [n{|ifleerin|  Ed. 


February  19,  1982 


Department  of  Natural  Resources 
and  Conservation 
Attention:  Mr.  Jim  Rehbein 
Water  Rights  Bureau 
P.O.  Box  860 
Kali  spell,  MT  59901 

j    Dear  Sir: 

i 

Attached  please  find  the  preliminary  specifications  for  the  production 
'   well  at  Camp  Aqua  Hot  Springs,  Lake  County,  Montana  for  your  review  con- 
cerning the  drilling  under  Permit  No.  32593. 


call 


If  you  have  any  questions  concerning  the  above,  please  give  me  a 

Very  truly  yours , 

■■'V     ^     7    /J 


^    fhor  A.  V/d^kola 


cc:     Mr.    Jeff  Birkby 

TAJ:jl 

end . 


575  SUNSET  BOULEVARD      -      P.O.  BOX  1134      -      KALISPFLL.  MONTANA  59901      -      406-755-3208 
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SECT low  5 

PRODUCTION  WELL  DRILLING  DATA 

551-811 


c; 


i 


Nflke03R2«1 


File  No. 


WELL  LOG  REPORT 

Ststaelaw  nquins  that  thl»  form  t)0  filed  by  the  water  well  driller  within  60  days  after  completion  of  the  well. 


OWNEII 

Msmt  .Tarkola  FhnytnftRrlno 


2.      OMRENT  MAILING  ADDRESS 

':7S  Sunset  Boulevard 


f>%lia^U.   MT  539Q1 


WATER  LEVEL 

Static  water  level  | 

If  flowing;  closed-in  pressure 

]gpm 


Flcudjtj 


I  feet  below  land  surface 

R  -  1?  Utfi. P«l 


1  1  ''0 


Controlled  by: 


valve, 


reducers. 


other,  (specify) 


Wai  LOCATION 
Canity  La>je 

Tawnthip         22 


WELL  TEST  DATA 


punip 


bailer 


other,  (specify) 


I-.ix  li:  t- 


H/tX.      Range 21. 


R/W 


£j£     V«      SW  V4    :-E    V4     Sectlon_ 
Ldl!  Block 


29 


Pumping  level  below  land  surface: 
Est.        250     ft.  after     19    hrs.  pumping  |    1600     jgpm 
Flx>/im         ft-  after     48    hrs.  pPiWUny     HGQ      gpm 


SwUivisiofl 


4.     PROPOSED  USE     DomMttc  D      Stock  D      irrigation  D 
Otiier  l^  specify  — Tnf^iBtrlal  Plnnt 


10.      WAS  WELL  PLUGGED  OR  ABANDONED?  Yes    X    No 

If  yes,  how? 


11.      DATE  COMPLETED 


C/Q4/32 


5.     ORALING  METHOD 
fofward  rotary, 


cable, 


reverse  rotary, 


bored, 
Jottwl. 


JH. <»«h«r  (spMify) Miri./n1r  mfary- 


12.     WELL  LOG     (Page  1  of  2) 
Depth  (ft.) 
From         To  Formation 


WELL  CONSTRUCTION  AND  COMPLETION 


Sizi  tl 
ilrtIM 


IX.  .375 


Sizi  and 

0  CMlRg 


10   3/4*1)0 
b:  .375 


From 


0  99'4 


+3' 


Tt 
(tMl) 


*A- 


260' 


P«rtorati«M  vAMa  Knittt/v 
ScTMn 


11 


Kind 
Sl2t 


3/8x 


Frim 

(tMt) 


.0' 


(iMt) 


J9. 


.51. 


259' 


lli^ 


Was  casing  left  open  end? 
Was  a  packer  or  seal  used? 
II  '.,i>.  what  material 


:    Yes 
;    Yes 


No 
No 


11 


39 


57 


116 


i  jt 


Light  brown  sllty  clay. 


Tan  tX)  light  brcmn  sllty  clay. 


Tough  and  rubbery. 


Light  brr:vffi  to  brcwn  clay.  Ttxirjh 


and  rubbery. 


Light  brown  tX)  brown  clay  with 


thin  layer 3  of  gray  clay.  Ibunh 


gjid  rubber/. 


Ligtit  tarcvjn  to  brtxvn  clflv  wit!: 


thin  layer  ^  of  gray  &  c^rk   Lr-*  n 


•^v'liun  to  >.ar.--.  brc 


."ith  Ir.y-^r:;  of  ;.''.—  •'  v^   rlOl"  • 


■  >  o  u  .lU  rx-;  ■^r 


■-o/^r. 


(use  separate  sheet  il  necessary) 


Was  me  well  gravel  paclted? _Yes 

Was  iiie  well  grouted?                    -^     Yes 
To  what  depth? 93*4" 


X   No 
No 


Material  used  in  grouting 


CtXlt.Jlt  gIPUt 


13.      DRILLERS  CERTIFICATION 

This  well  was  drilled  under  my  jurisdiction  and  this  report  is 
true  to  the  best  of  my  knowledge. 


Well  head  completion:  Pitless  adapter 

Yes 

Top  of  casing  12  m.  or  greater  above  grade 

:•      Yes 


J^No 


Data 


Z/-^//j^^^ 


No 


Lr.«'rty  l.rillir>;   n;>.]  '".cp  i  ri  ;  '..^z 
FitmName      _:.;  ^      ;ii.-j.  ,■..  r  ■     '  .    :i-ii.;.  . 


7      WHAT  IS  THE  TEMPERATURE  OF  THE  WATER? 

___^_  Degrees  Fahrenheit 
1^  .   Measured  .Estimated 


Addrass 


Signature 


License  No 


)     mONTAMA    0£PARTMCMT    OF   NATURAL    R£SOURC£S    A    CONSERVATION 


32  SOUTH    EWINQ 


HBLENA  ,  MONTANA    S9620 


449-3962 


DNRC 


Wni  OWNER  COPY 


Mrill  Log  Report 


Depth  (ft,) 

Paan    ib  Ppniatijon 

ISC    203   Itediim  to  dark  brown  silty  clay  with  layers  of  blue-gray  clay  and 

seans  of  dark  hrotm  silt.  Sane  rock  fragments. 
2JS3    212   Light  gray,  blue,  purple  and  gray  clay.  Scne  thin  sand  streaks  with 

brown  silt  BDd  final  1  pebbles. 

Sandy  light  gray   to  blue  and  purple  clay. 

Light  gray,  blue,  purple  and  brown  clay  in  eiltemate  layers. 

Sand  and  median  to  fine  gravel.  Water.  • 

Mediun  to  coarse  gravel.  Sane  sand.  Flowing  water. 

Rock. 


212 

216 

216 

234 

2M 

248 

248 

259 

259 

260 

c 


c 


LIBERTY 


r:;^r  WELLS 

IMIOATIOM 


DRILLING  COMPANY  lkihsu,  mmm*  am*  immu* 


MM  »«aNMMV  n  aOUTK 
KAUa^CU.  MOMTAMA  IMOI 


July  14,   1982 


Jadcola  Engineeriiig 
575  Sunset  Bcxilevard 

Kaiispell,  MT  59901 


WELL  DOG 


Lcxation:  Canp  Aqua  Site  near  Hot  firings,  Montana 

SEH,  3^,   NEJj,  Section  29,  Township  22  North,  Range  23  West 

Formation  Log: 

0  -    4  Light  brown  silty  clay. 

4-11  Tan  to  light  brown  silty  clay.  Tough  and  rubbery. 
11  -   39  Light  brown  to  brown  clay.  Tough  and  n±ibery. 

39  -   57  Light  brown  to  brown  clay  with  thin  layers  of  gray  clay.  TDugh  and  rubbery, 
57  -  116  Light  brcwn  to  brcwn  clay  with  thin  layers  of  gray  ard  dark  brown  clay. 
Tough  and  rubbery. 
^16  -  151  Medium  to  dark  brown  silty  clay  with  layers  of  blue-gray  clay.  Sane  anall 
W  rock  fragments. 

151  -  203  MjQdium  to  dark  brown  silty  clay  with  layers  of  blue-gray  clay  and  seams 

of  dark  brcwn  silt.  Sane  rock  fragments. 
203  -  212  Light  gray,  blue,  purple  and  gray  clay.  Some  thin  sand  streaks  with  brown 

Silt  and  small  pebbles. 
212  -  216  Sandy  light  gray  to  blue  and  purple  clay. 

J1-)  -  .134  Light  gray,  blue,  purple  and  brcwn  clay  in  alternate  layers. 
23-^  -  240  Light  gray  to  blue-gray  clay  with  gravel  imbedded  and   thin  layers  of  sand. 
240  -  248  Sand  and  medium  to  fine  gravel.  Water. 
24;:  -  259  Nxdium  to  coarse  gravel.  Sane  sand.  Flowing  water. 
2!..<  -  260  Rock. 

U.it.cr  Log: 

Well  flowed  in  excess  of  1160  gallons  per  minute  of  128.6  degree  water 
thi-ough  a  four  inch  choke  on  a  20  hour  test.     Well  produced  in  excess  of   1600  gallons 
pel-  n-onute  through  19  hours  of  developnent  with  an  air  lift  poip.     Shut  in  pressure 
at  ociniJletion  of  developing  and  test  purping  was  8  to  12  pounds. 

C\i:  ;;>:  l£X]: 

TlTC  well  is  cased  fron  surface  to  99'4"  with  12  3/4"  O.D.    x   .370  w^ll   LKi   • 
:-.t.  .  1   v.utor  well   casing.      Vao  well   is  cased  from   3'    .ibove  surface   to   2bU'  wit;; 
Iv    ■'•;•■   V    ..ic5  wail  black  steel  water  well  casing.     A  ton  inch  drivi.'  stiCx.-   u;  v.vKLtl 
^    ;;;'^  Lottcr  of   the  ten  inch  casing. 


Page  1  of   2 


Jadcola  Engineering 

Mater  Well  Log 

July  14,  1982  f 

Pa^  2  of  2 


Gtajuting  Log: 

A  nV   diareter  hole  was  drilled  from  surface  to  99 '4"  to  acoartnodate 
12  3/4"  O.D.  casing  and  provide  an  aumulus  for  conent  grout,  "nus  annulus  was  grtDuted 
with  95  sacks  of  cement  grout  to  provide  a  surfcice  seed  and  prevent  flowing  water 
fr^xn  conung  up  around  the  12  3/4"  casing. 

Perforating  Log: 

The  10  3/4"  casing  was  perforated  fran  250'  through  259'  with  a  Mills 
knife  with  3/8"  x  4"  slots.  All  water  that  is  entering  the  v^ll  is  oaning  through 
these  perforations. 
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WILLIAM  E.  NORK,  Inc. 


*)        1026  W.  First  Street  •  Reno,  Nevada  89503 


CONSULTING  SERVICES  IN  HYDROLOGY  AND  GEOLOGY 

Phone  (702)  322-2604 


June    1,    1982 
82-231 


.ttHVEUJON    i  0  i£i'^ 


Mr.  Thor  Jackola 

JACKOLA  ENGINEERING  COMPANY 

P.O.  Box  1134 

Kalispell,  MT   59901 

RE:   Temperature  data  collected  during  construction  of  production 
water-supply  well  at  Camp  Aqua. 

Dear  Mr.  Jackola: 

Temperature  of  the  ground  water  derived  from  the  recently  drilled 
water-supply  well  at  Camp  Aqua  was  measured  on  Friday  May  28, 
1982.   A  Johnson-Keck  DTM-75  temperature-logging  device  accurate 
to  ±0.1°  Fahrenheit  was  used  to  measure  the  temperature  of  the 
fluid  at  the  well  discharge  and  inside  the  casing.   Results 
are  summarized  below: 

1.   Temperature  of  the  discharge  from  the  well  was  measured 

;i  t  I  28.6°  Fahrenheit.   At  Lh(^  Lime  incasu  rt^meiil  .s  ux're  taken, 
blank  10-3/1  inch  O.D.  casing  had  been  drivc>n  to  ihe  hed- 
roek-alluvium  contact,  a  depth  of  about  261  I'eeL  below  land 
sui-tace.   At  this  depth  the  artcvsian  (low  from  the  \w  1  1 
was  dc'tcrnuiied  to  be  about  250  Mi^iilons  per  minute  ,' rc'm  seven 
feet  above  land  surface  measured  with  a  90°  v-iotch  weir. 


2.   The  temperature  of  the  fluid  in  the  borehole  was  measured 
once  the  casing  was  seated  in  the  bedrock  (a  depth  of  261.5 
feet)  and  the  artesian  flow  stoppi^d.   At  a  depth  of  235 
feet  the  temperature  was  loggt^d  at  135°F.   The  i)re>sr'nce 
of  the  lO-uu'h  v  stabilizer  in  the  casinjj;  pr-evtntiul  lo;:^':in^ 
to  T.D.   IIitrht>r  ti>mperatures  were  r-eeorded.   Il(>u<'ver,  Hue 
to  a  10  second  reaction  time  characteristic  ol  the  ihernii.-,- 
ter  coupled  with  cooling  of  the  wate^r  within  the  borehole 


« 


Thor  Jackola  June  1,  1982  Page  2 

■)  t 

after  flowing  ceased,  the  accuracy  of  those  observations 
above  135°F  are  regarded  as  unreliable. 

3.   In  addition  to  the  water-supply  well,  temperatures  were 
measured  in  CAT-1 .   The  water  within  the  closed  IJ-inch 
I.D.  CPVC  casing  has  been  equilibrating  with  formation  temp- 
eratures since  February  1982  and  should  yield  temperatures 
representative  of  the  artesian  aquifer  at  this  locale.   The 
temperature  logged  May  27,  1982  showed  a  maximum  119. 1°F. 
Compared  to  a  discharge  temperature  of  111.2°F  measured 
at  the  well  head  upon  completion  of  drilling  last  February. 

The  128. 6°F  temperature  measured  from  the  discharge  5/28/82 
is  probably  less  than  the  temperature  expected  under  normal 
operating  conditions.   Once  the  heat  loss  to  the  formation  stab- 
ilizes the  temperature  of  the  discharge  might  increase  slightly.   /" 

The  performance  test  to  be  conducted  on  the  well  by  the  Montana 
Bureau  of  Mines  and  Geology  later  this  week  should  yield  temper- 
aturc^s  which  approach  those  expected  during?  constant  use. 

If  thoro  are  any  questions  do  not  hesitate^  to  contact  our  (iff  ice. 

Sincere ' y , 

WILLIAM  E.  NORK,  INC. 

Dale  C.  Bugenig 
Hydrogcol ogist 

DCB:bh 
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WILLIAM  E.  NORK,  Inc. 


Quarterly  Report 
Geothermal  Studies  in  Montana 


By 
J.L.  Sonderegger 
C.J.  Wideman 


Period:  January  1(?)  to  July  9.  1982 


Julv  K,  l'3t^-' 


Geophysical  work  has  been  conducted  at  the  Norris  and  White 
Sulphur  Springs  areas.   Drilling  arrangements  were  completed  for 
drilling  at  Ennls.   As  of  July  8,  1'182,  the  well  at  Ennls  was 
653  feet  deep,  cased  to  475  feet  Into  a  hornblende  schist  or 
gneiss.   Production  from  the  schist  and  underlying  granite  or 
quartzof eld-spathic  gneiss,  under  rig  air,  is  3A0  gpm;  artesian 
flow  is  250  gpra  (bucket  and  stop  watch)  at  a  temperature  of 
88°C  (190°F). 

A  preliminary  flow  test  was  run  on  the  new  well  at  Camp  Aqua; 
results  for  the  Jackola  well  are  1100  gpra  @  121°F  (49.AOC).   The 
transmlssivity  of  the  aquifer  is  roughly  125,000  gallons  per  day 
per  foot,  based  upon  only  one  observation  well. 


^J 


ABRIDGED  DAILY  LOG 
PRODUCTION  WELL  -  CAMP  AQUA 
HOT  SPRINGS,  MONTANA 


May  14.  15  &  17,  1982 

Move  equipment  to  site. 

May  18,  1982 

Set  up  drilling  operation. 

Equipment  at  site   included   rotary  drill    rig,   5X8  mud  pump, 

backhoe/loader,  water  truck  &  flatbed  truck. 
Drill   crew:     Driller,   2  helpers  &  engineer. 
17^5  Hughes  bit  -  23'-6"  drillability  on  first  joint;   25'-9" 

overall    length;   K.B.   =  2'-3". 

May  19.   1982 

Drill   crew:     Driller,   2  helpers  &  engineer. 

Drilled   to  23'-6"   in  Brown  Clay;  made  connection  and  added 
2'    float  sub  drill    assembly;   27'-9"  overall    length;   25'-6" 
drill    bit;   drilled   to  97'    in   tough  and  rubbery  brown  clay. 

Added  one  5X6  mud  pump. 

Used  5  X  8  &  5  X  6  mud  pumps   to  drill    to  clean  hole. 

May  20,   1982 

Drill  crew:  Driller,  3  helpers  &  engineer. 
Circulated  and  cleaned  hole. 

Ran  casing  to  bottom  and  prepared  for  cement  grouting. 
Casing  size  is  12"  diameter. 


May  21  ,  1982 


Drill  Crew:  Driller, 
Cemented  well  with  90 
Grouting  depth  99 '-4" 


2  helpers  &  engineer, 
sacks  of  cement. 


May  24,  1982 


Drill  crew:  Driller, 
Filled  top  of  hole  to 
12"  drill inq  assembly 
Hit  cement  at  71 '-6"; 
Drilled  to  138 '-6"  in 


2  helpers  &  engineer. 
2 '  down  with  5  sacks  of 
-  20'-9"  overall  length, 
drilled  out  cement, 
clay. 


cement. 
K.B. 


2'-3", 


May  25.  1982 


<( 


Drill  crew:  Driller,  2  helpers  &  enqineer, 
Drilled  to  230  foot  level . 


May  26,  1982 


Drill  crew:  Driller,  rigger,  2  helpers  &  engineer. 

Hit  gravel  @  234'  embedded  in  clay. 

Drilled  to  239'  -  stopped  to  run  10"  casing. 

Cased  60'  and  weather  stopped  operation  for  the  day. 


May  27,  1982 


Drill  crew:  Driller,  welder  &  2  helpers. 
Ran  10"  casing  to  228-7". 
Weather  stopped  casing  operation. 


May  28.  1982 


Drill  crew:  Driller,  welder  &  2  helpers. 

Finished  casing  to  239'. 

Rigged  hammer  and  drove  10'  to  249'  depth. 

Ran  in  10"  drilling  assembly. 

Drilled  and  drove  casing  to  260'.  " V 

Hit  rock  at  259'.  'vV 

Flowing  water  @  200  to  300  gpm. 

Shut  water  off  at  sealing  into  rock. 

Ten  inch  drive  shoe  welded  at  bottom  of  10"  casing. 


June  1 ,  1982 


Drill  crew:  Driller,  welder  &  helper. 
Prepared  well  head  device  at  shop. 
Moved  device  to  job. 
Cut  12"  casing  2'  below  ;rade. 


June  2,  1982 


Drill  crew:  Driller,  2  helpers. 
Finalized  control  head  device. 
Put  on  8"  valve  and  6"  discharge. 

Set  in  mills  knife  and  perforated  from  259'  back  to  250'. 
Removed  perforator  and  put  control  head  on  to  shut  water  off  for 
Montana  Tech  people  to  install  flow  meter. 
Opened  for  flow;  Flow  1100  to  1150  qpm. 


June  3.  1982 


Drill  crew:  Driller,  2  helpers. 

Installed  temporary  divertor  pipe  carry  water  to  settling  pond; 
1160  gpm. 
Removed  some  equipment  from  site. 


June  4,  1982 

Drill  crew:  Driller  &  helper. 

ing  some  sand  and  clears  up  quickly, 

'  "  ine, 


Uncapped  well  and  started  bailing  some  sand  and  clears  up  quickly. 
Closed  top,  shut  well  in  and  Montana  Tech  took  flowmeter  out  of  lii 
Moved  equipment  off  site. 


June  7,  1982 


Drill  crew:  Driller  &  helper. 

Hauled  6"  PVC  winter  control  line  to  site,  shaped  site  up  for  PVC  line. 


June  8,  1982 


Drill  crew:  Driller,  2  helpers. 
Installed  6"  PVC  line  to  settling  pond. 
Installed  wellhead  piping  as  requested  at  wellhead. 
Moved  off  job. 
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Jachla  [n[|lneepin{|  Bd. 


March  30,  1982 


State  of  Montana 
Department  of  Natural  Resources 
and  Conservation 
Energy  Division 

Attention:  Mr.  Van  C.  Jamison 
32  South  Ewing 
Helena,  MT  59620 

Re:  Grant  #ARE  551811 


Dear  Sir: 

I  am  in  receipt  of  a  copy  of  Mr,  Donovan's 
performed  on  the  above  referenced  Grant 
helpful  in  our  efforts  to  put  a  project  to 
He  offered  assistance  to  Northern  Testing 
that  firm  was  performing  geotechnical  inve 
site.  Dr.  Ohlgren  and  I  visited  with  Mr 
Aqua  project  when  he  was  in  the  area  perfo 
certainly  are  respectful  of  the  work  perfo 
that  MEMG  would  feel  the  same  about  our  ef 
industry  at  the  Camp  Aqua  site. 


comments  concerning  work 
Mr.  Donovan  has  been  very 
gether  at  the  Camp  Aqua  site. 
Labs  reporting  in  1980  when 
stigations  for  our  firm  at  the 
Donovan  concerning  the  Camp 
rming  related  work.  We 
med  by  f^BflG  and  would  hope 
forts  to  promote  a  Montana 


We  have  made  ourselves  clear  as  to  what  our  intents  are  at  Camp  Aqua,  as 
that  is  the  purchased  site  with  which  we  have  concerned  ourselves.  The 
investment  has  been  substantial  in  the  136  acres  of  land  coupled  with 
the  industrial  planning  cost.  The  assistance  of  the  State  of  flontana 
D'IRC  in  providing  the  needed  development  support  is  greatly  appreciated. 
Currently,  substantial  investment  of  time  and  money  has  been  expended 
attempting  to  bring  about  financing  of  the  Agricultural  By-Product 
Plant.  The  task  is  difficult  and  the  most  resourceful  efforts  of  a  lot 
of  people  in  and  mostly  outside  of  Montana  has  been  necessary  to  bring 
about  consideration  to  review  the  project.  We  do  not  have  a  commitment 
today,  nor  do  we  know  if  and  when  a  commitment  may  be  possible.  I  might 
add  that  none  of  the  problems  appear  to  stem  from  the  quality  of  the 
project  or  the  presentation  format  but  the  competition  for  funds  is  wery 
severe. 


575  SUNSET  BOULEVARD 


P.O.  BOX  1134 


KALISPELL,  MONTANA  59901 


406-755-3208 


DNRC  (2)  March  30.  1982 

It  may  be  that  we  were  a  little  selfish  to  contain  our  investigation  to 
establish  the  bounds  of  the  resource  within  the  Camp  Aqua  site.  The 
CAT-1  was  drilled  to  better  establish  this  result  and  fill  a  blank  area. 
The  work  was  done  to  maximize  information  in  the  shortest  period  of  time 
at  least  cost  possible.  I  personally  witnessed  material  of  sand  character- 
istic being  augered  from  the  hole  beginning  a  very  short  distance  below 
the  surface,  but  our  interests  at  this  point  were  not  the  granulometry 
of  this  material.  The  CDVC  pipe  in  CAT-1  hole  will  accomodate  a  slim 
diameter  soiide  and  allow  a  neutron  and/or  gamma  log  run,  if  and  when 
desired. 

Regretfully,  the  data  from  the  MBMG  was  not  properly  credited  to  its 
source.  We  erred  there.  The  only  defense  we  have  here  is  that  any 
information  we  have  put  out  has  been  preliminary  and  you  can  be  assured 
the  final  report  will  have  that  omission  covered. 

Our  experts  contend  that  the  shallow  temperature  profile  holes  for  this 
site  could  likely  misguide  follow-on  exploration  effort  in  that  a  shallow 
ground  water  circulation  system  exists.  The  sucrose-inversion  method  is 
"the  state  of  the  art"  and  is  speculative  at  best.  Past  history  of  the 
type  of  procedure  suggested  by  MBMG  was  used  at  a  site  similar  to  Camp 
Aqua  in  Nevada  and  results  were  misleading. 

I  was  not  aware  that  we  had  neglected  to  recognize  MBMG  efforts  in  the 
area  since  1978  and  that  we  v/ere  willfully  ignoring  MBMG  in  our  work.  My    ^ 
recollection  suggests  that  we  made  considerable  effort  to  have  the  MBMG 
well  that  was  drilled  on  the  Gossett  property  next  door,  drilled  within 
the  Camp  Aqua  property,  where  to  our  great  surprise,  it  moved  to  the 
Gossett  property.  Our  assumption  was  that  Mr.  Donovan  felt  the  adjoining 
•  i  tij  w,"!S  rh.^  p>-0!)er  locat-on  .md  had  (..'very  rivght  to  locatG  it  there. 
;  ■.>.:  v.L-il  Mi  iieeii  of  boiicrit. 

I  would  encourage  MBMG  to  becoiiic  involved  to  whatever  level  they  like  in 
ooy  of  the  v;ater  related  projects,  lie  invite  oood  and  productive  inter- 
change of  acadeii":ia  and  industry.  However,  we  do  feel  the  neod  to  respect 
the  investment  dollar  and  place  maximum  benefit  to  goals  and  less  benefit 
to  cata  developrr.ent  for  the  sake  of  data. 

'..'e  are  confident  that  the  ethanol  project  will  be  successful  and  we  feel 
we  do  possess  the  experience,  knowledge  and  capability  to  design,  construct, 
and  ope'-ate  the  facility.  The  only  barrier  is  to  fund  the  project.  We 
are  not  interested  in  involving  ourselves  in  a  match  of  intellectual 
savvy,  but  only  to  bring  about  the  ultimate  goal  of  a  successful  industrial 
development  with  the  highest  level  of  dedication  we  can  muster.  We  will 
join  hands  with  anyone  with  that  goal.   If  you  have  any  questions, 
please  give  me  a  call . 


Very  truly  yours. 


TAJ:sh 
bcc:  M.  Murray,  W.  Nork 
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MONTANA   BUREAU  OF  MINES   AND   GEOLO^Y^  ^  ^  '  V  E  Q 

MONTANA  COLLEGE  OF  MINERAL  SCIENCE  AND  TECHNOLOGY 
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Mr.  Jeff  Birkby 

Department  of  Natural  Resources 

and  Conservation 
Energy  Division 
32  South  Ewlng 
Helena,  Montana   59601 

Dear  Jeff: 

Thanks  for  the  review  copy  of  the  Bill  Nork  (WEN,  Incorporated)  report  on 
the  Canpaqua  area.   Per  your  request,  I  am  enclosing  a  few  comments  on  their 
results.   In  order  of  your  specific  questions  (see  attached  letter): 

1)  Tlie  drilling  results  and  temperature  of  water  encountered  in  test 
well  CAT-1  are  consistent  with  Montana  Bureau  of  Mines  and  Geology  data 
from  this  area;  the  temperature  and  geology  encountered  are  what  I  would 
have  predicted  for  this  drilling  site.  Their  temperature  logging 
techniques  seem  quite  adequate  for  temperature  profiling,  although  the-fr 
temperature  profile  data  was  not  presented  with  this  report.   T  dlsag'-fe 
with  their  description  of  surface  materials  (0-20  ft.)  as  "sand".   I 
believe  that  CAT-1  is  very  similar  in  elevation  to  LB-141  (test  woll 
drilled  by  MBMG  in  January  1981),  is  located  on  the  same  terrace,  and 
should  have  encountered  nearly  identical  geologic  conditions  in  the  upper 
200  feet  of  section.   In  the  LB-141  samples,  observed  both  in  the  field 
and  in  the  lab  under  the  microscope,  no  material  >  0.125  ram  in  diameter 
(fine  sand  or  coarser)  was  encountered  from  0-180  feet.   Minor  percentages 
of  very  fine  sand  (.06-. 125  mm  diameter)  was  encountered,  and  by  far  the 
majority  of  the  material  from  0-45  feet  depth  was  in  the  silt  fraction 
(.004-. 06  mm  diameter).   While  it  is  not  impossible  that  conditions  at 
two  locations  could  be  so  different,  I  think  it  is  unlikely;  however,  T 
would  welcome  any  new  information  on  the  granulometry  of  this  material 
that  Nork  may  have  collected.   On  the  lowest  terrace  level  (modem  flood- 
plain)  of  the  Little  Bltterroot  River,  these  silty  deposits  are  almost 
completely  eroded  away,  and  the  material  within  20  feet  of  the  surface  on 
Lhis  floodplain  is  somewhat  finer  silty  clays  and  clays,  similar  to  what 
Is  found  below  a  deptn  of  about  40  feet  in  CAT-1. 

The  only  shortcoming  I  can  see  in  the  well  testing  program  is  that 
it  would  have  been  useful  to  have  run  geophysical  logs  (g.imma  and  neutron) 
j.n  CAT-1  before  the  drive  casing  was  pulled ,  for  comparison  purposes  with 
other  veils  we  have  studied  In  the  area.   I  doubt  there  is  sufficient 


TMI  tUREAU  Of  MINH  AND  GEOIOCV  WAS  tSTABUSMtO  »Y  LAW  IN  191  f  AS  A  DfPAHTMENT  Of  MONTANA  COllEOE  Of  MlNEHAl  SClfNCt  AND  TKHNOlOOr    TO  PtOMOTt 

tfFlCIENT  DEVELOPMSnT  OF  MONTANA  SMNeHAl  RESOUBCES  BY  GATHEHING  AND  PUBUSHINC  INFORMATION  ON  THE  GEOIOGY    lOPOGDAPHT    ANDMiNEIAl  DEPOSITS  Of  THE 
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local  variability  In  these  Pleistocene  lacustrine  sediments  that  the  logs 
from  this  well  would  have  been  very  different  from  those  from  LB-141  or 
others  in  the  area;  however,  this  data  is  relatively  fast  and  inexpensive 
to  collect,  if  one  has  the  equipment  to  do  so  as  the  MBMG  and  U.S. 
Geological  Survey  do.  We  were  not  invited  to  participate  in  the  planning 
of  CAT-1  by  Jackola  or  Nork,  nor  were  we  invited  to  perform  any  geo- 
physical or  hydrogeological  investigations  on  this  well. 

2)  Nork's  well  did  fill  in  a  "blank  spot",  but,  as  I  told  both  Jackola 
and  Nork  himself  during  our  conference  call  last  month,  it  was  not  a  well 
location  which  had  a  high  probability  of  success  for  obtaining  hotter  water 
than  the  existing  Campaqua  well  (52  C) .   I  also  pointed  out  that,  while 
there  is  no  guarantee  that  hotter  water  exists  in  the  gravel,  silica  geo- 
thermometry  indicates  that  it  probably  does  occur  at  a  maximum  temperature 
of  at  least  60  C,  and  that  the  best  location  to  explore  for  this  water 
lies  primarily  east  of  the  Campaqua  well  and  west  of  the  Little  Bitterroot 
River.  This  is  the  central  part  of  the  area  shaded  in  Figure  11  (enclosed) 
of  my  August  1981  report  of  drilling  and  geophysical  studies  in  the  Camp- 
aqua area,  a  copy  of  which  I  sent  to  Bill  Nork  in  December  1981.   I  note 
that  the  location  of  the  CAT-1  hole  falls  outside  the  area,  despite  the 
fact  that  I  expressed  my  pessimism  at  the  chances  for  success  of  this  well 
to  Nork  and  Jackola  before  it  was  drilled. 

I  also  note  that  temperatures  on  Nork's  Figure  3,  "Revised  thermal  con- 
tours of  the  artesian  aquifer",  are  in  all  instances  but  two  identical  to 
the  temperatures  from  Figure  11  of  our  report,  mentioned  above,  converned 
from  Centigrade  to  Fahrenheit  units;  and  while  T  strongly  encourage  use  of 
any  or  all  of  the  data  we  produced,  I  believe  (a)  it  would  have  been  appro- 
priate for  Bill  to  cite  data  which  he  did  not  collect  but  gathered  from 
other  sources,  and  (b)  it  was  highly  inappropriate  for  him  to  interpret 
(draw  contours  on)  our  data  without  consulting  us.   Our  temperature  data 
consisted  dominantly  of  well  water  temperatures,  taken  from  wells  of  differ- 
ent diameter  and  flow  characteristics,  with  attendant  heat  loss  dependent 
on  flow  rate  and  residence  time  in  the  casing.   They  do  not  represent  down- 
hole  temperature  in  the  artesian  aquifer,  as  Nork's  figure  suggests.   For 
this  reason  we  intentionally  did  not  contour  the  data.   Probably  more  sig- 
nificantly, Nork's  map  implicitly  assumes  that  the  Campaqua  well  taps  the 
hottest  water  in  the  aquifer,  an  assumption  which  has  not  been  proven  by 
detailed  exploration  (gravity,  thermal  prospecting)  and  drilling  in  the 
critical  area  outlined  in  our  report.   It  would  be  truly  coincidental  if 
the  Campaqua  well,  located  by  chance  in  1917,  fortuitously  struck  the  hot- 
test water  in  the  aquifer.   I  would  therefore  consider  Nork's  Figure  3  to 
represent  work  which  is  neither  original  nor  validly  interpreted. 

3)  Although  their  new  data  doesn't  shed  any  additional  light  on  the 
location  for  a  production  well,  they  still,  as  before,  have  the  alternative 
either  of  pursuing  a  rational  exploration  program  or  of  siting  a  well  very 
close  to  the  old  Campaqua  well,  should  they  be  satisfied  with  water  of 
temperature  52  C  or  slightly  higher.  They  should  in  fact  be  able  to 
Improve  on  this  temperature  somewhat  with  a  new  well  at  the  same  location. 
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both  by  producing  a  greater  yield  than  the  old  well  and  thereby  decreasing 
residence  time  and  cooling  in  the  well  casing,  and  by  completing  the  well 
In  the  bottom  five  feet  of  the  gravel  bed,  which  in  our  LB-141  temperature 
log  was  shown  to  be  1-2  C  hotter  than  water  at  the  top  of  the  same  aquifer. 
Drilling  should  continue  until  bedrock  (or  impermeable  Tertiary  sediments) 
are  reached  beneath  the  gravel;  then  completion  could  be  effected  using 
either  well  screen  or  open-bottom  casing  by  pulling  back  the  drive  casing 
to  no  more  than  five  feet  above  the  base  of  the  gravel.  The  gravel  is  so 
highly  permeable  that  well  screen  would  probably  not  be  necessary,  but 
could  be  used  if  it  appears  that  the  flow  obtained  during  drilling  is 
inadequate.   They  could,  if  desired,  move  slightly  away  (200  feet  or  less) 
from  the  old  well,  probably  to  the  east  or  southeast,  in  an  attempt  to 
Improve  temperature  slightly. 

If  they  are  serious  regarding  finding  water  >  52  C,  an  exploration 
program  should  be  implemented  involving  at  least: 

a)  detailed  precision  gravity  measurements 

b)  detailed  shallow  temperature  profiles 

as  I  indicated  both  in  Dur  1981  report  and  in  several  phone  conversations 
with  Nork  and  Thor  Jackola.   Such  an  exploration  program  would  not  have 
cost  significantly  more  than  CAT-1  and  would  have  generated  far  more  use- 
ful information.   I  disagree  with  their  reasons  for  objecting  to  such 
techniques,  although  it  may  be  true  that  Bill  Nork  himself  does  not  have 
the  equipment  or  experience  to  perform  such  surveys. 

I  hope  these  comments  are  of  assistance  to  you  in  interpreting  the  Nork 
results.  Please  feel  free  to  pass  them  along  to  Bill  and  Thor  for  their 
comments . 

Throughout  the  MBMG  Involvement  in  and  around  the  technical  studies  for 
water  source  development  for  the  alcohol  plant,  I  have  been  disappointed  by  an 
apparent  unwillingness  on  the  part  of  Messrs.  Jackola  and  Nork  to  seriously 
consider  our  suggestions  regarding  exploration  and  development  or  to  Involve  us 
in  their  studies  at  all,  even  at  no  cost  to  themselves.  We  have  been  perform- 
ing geological  studies  in  this  area  since  1978  and  new  geological  information 
is  of  interest  both  to  us  and  to  those  concerned  with  ground-water  rights  in  the 
valley,  including  the  Water  Rights  Division  of  DNRC.  We  believe  our  experience 
in  the  area  and  data  we  already  have  collected  could  contribute  valuable  knowl- 
edge to  this  project  and  help  conserve  the  amount  of  state  resources  expended 
on  it.   In  return  for  our  assistance  and  advice,  we  have  to  date  requested  only 
cooperation  and  free  exchange  of  all  data  collected.  I  recently  told  Thor  we 
would  be  villlng  to  perform  the  detailed  gravity  survey  on  the  Campaqua  site  on 
MBMG  time  with  his  cooperation  in  leveling  approximately  100  survey  stations. 
While  he  Initially  appeared  receptive  and  cooperative  on  the  phone,  I  have  not 
received  any  additional  follow-up  on  this  request.   It  is  discouraging  to  me 
that  the  only  cooperation  I  have  had  with  Thor  is  for  his  consultant  to  have 
misapplied  data  taken  from  our  report  without  the  basic  courtesy  of  citing  the 
data  and  consulting  us  before  he  attempted  to  interpret  it.   Particularly  in 
light  of  the  fact  that  the  project  is  being  funded  with  state  monies  and 
carried  out  by  sn   out-of-state  consultant,  I  think  that  closer  cooperation 
between  DNRC  grant  recipients  and  the  MBMG  on  water-related  projects  where  we 


■^' 


DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 

ENERGY  DIVISION 


TED  SCHWINOEN .  GOVERNOR 


STATE  OF  MOJTANA' 


(406)449-3780 


32  SOUTH 


EWING 


HELENA.  MONTANA  59620 


February  16,  1982 


Mr.  Joe  Donovan 
Montana  Bureau  of  Mines 

and  Geology 
Main  Hall 
Montana  Tech 
Butte,  MT  59701 

Joe: 

Here's  Nork's  report  on  the  Camp  Aqua  well.  Let  me  know  the  following: 

1.  Did  Nork  test  the  well  adequately? 

2.  Did  the  resulting  data  really  fill  in  the  "blank  spot"  in  the 
southeast  corner? 

3.  Does  the  resulting  data  justify  their  decision  to  site  the  pro- 
duction well? 

Seems  to  me  that  they  may  have  gained  a  little  knowledge,  but  I  don't 
know  that  they  have  enough  information  to  draw  that  110°r  isotherm.  I  also 
don't  follow  their  logic  in  siting  the  well  south  and  east  of  the  Camp  Aqua 
well  -  am  I  missing  something? 

Sincerely, 


Jeff  Birkby  ' 


lirkby 
Geothermal  Energy  Specialist 


JB/ld 
End. 


P.S.  Could  you  check  again  on  sending  me  a  quantity  of  the  Geothermal 
Resource  Map?  Thanks. 


v.: 


<N  eouii  oppoRTumTY  eupiorm 


'1  »         ,rr         '■■ 


Pr«par«d  by  WEN  INC..  Fabuary   1982 


W«ll  which  was  T-logg«d  01/07/82 

■  -  Wall  which  w«t  NOT  T-logg«d 

f|-'<  A.  VVEN  INC.  tamparatura  gradlant  hola 

'Z  1l|;^^>^-^  '      Exampla:  86  F  -  Outflow  tamparatura 


Figura  a   Exploration  hola  location  and  raviaad  tharmai  contoura  of  tha 
artaaian  aqulfar  In  tha  vicinity  of  Camp  Aqua 
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have  expertise  would  Improve  the  quality  of  the  product  of  these  grants  and 
allow  the  department  to  allocate  its  grant  money  more  productively.   As  it 
stands,  I  believe  the  Department  has  funded  a  test  well  that  was  not  sited 
using  sound  hydrogeological  and  exploration  principles. 

I  still  am  confident  that  the  Campaqua  ethanol  plant  project  will  be 
successful,  if  intelligent  management  of  resource  development  and  plant  design 
is  performed  and  if  the  plant's  water  demands  are  not  in  conflict  with  local 
water  usage  for  irrigation. 

Sincerely, 

/'A 


<:^iij< 


bvuc'/V- 


) 


Joe  Donovan 
Hydrogeologist 

JD:blm 

Enclosure 

cc:  Charles  Brasen,  DNRC,  Water  Rights,  Kalispell 

Tom  Bateridge,  Confederated  Kootenai-Salish  Tribal 

Offices,  Pablo 
John  L.  Sonderegger,  MBMG,  Butte 


WILLIAM  E.  NORK,  Inc. 

11^   '  CONSULTING  SERVICES  IN  HYDROLOGY  AND  GEOLOGY 

r/ .      J026  W.  First  Street  •  Reno,  Nevada  89503  Phone  (702/  322-2604 

January  m,  1982 
82-231 

MEMORANDUM 

TO:      Thor  Jackola 
"" JACKOLA  ENGINEERING 

FROM:    Dale  C.  Bugenig,  Hydrogeologist  JPCS 
WILLIAM  E.  NORK,  INC. 

RE:      RESULTS  OF  TEMPERATURE  LOG  CONDUCTED  IN  THE  "GOSSETT 
WELL"  JANUARY  8,  198  2,  CAMP  AQUA,  LAKE  COUNTY, 
MONTANA. 

Upon  receiving  word  from  you  at  about  1350  hours  01/08/82 
confirming  that  we  were  granted  right-of-way  to  temperature 
log  the  Gossett  Well,  we  immediately  set  out  to  do  so.   Prior 
^         to  logging,  the  well  was  flowing  via  a  three-quarter  inch 

valve  partially  open  and  the  gate  valve  also  partially  opened, 
with  a  combined  flow  of  less  than  20  gpm.   Those  wore  closed 
to  stop  the  flow  during  the  lop;.p;infT  procedure.   The  two- 


n 


;o  a  vl.:pt-h  of  9S  i  r,'.'l.   U'^.-ii  .-.riKM  -['^^w    n  f  th.-  lor,  r  ho 

-.•:11  :■:.:<    :-rcurOw  ■::.!  lol't   in  t  h.^   i  :kI';Io;;  in  v/::io;;  iL  w.: 

■  .Tur.w  --  both  valves  open  i-lii'hL'y  Lci  p:'ov..:nr  thf  W"I1  he-i  I 

■  I  oiTi  fro.-'.'.ing.   Logging  was  completed  by  1520  liours .   A 
.  opv  ."^  f  th.e  lor,  ir.    attichi^d. 

Present  were  Burkhard  Bohm,  Bill  Christensen,  and  myself. 
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WILLIAM  E.  NORK,  Inc. 


P-,  1026  W.  First  Street  •  Reno,  Nevada  89503 


CONSULTING  SERVICES  IN  HYDROLOGY  AND  GEOLOGY 

Phone  (702)  322-2604 


January  14,  19  8  2 
82-231 


HtC£W£0  J^«  ^  s 


Thor  Jackola 
JACKOLA  ENGINEERING 
P.O.    Box  1134 
Kalispell,  MT   59901 

RE :   Camp  Aqua 

Dear  Mr.  Jackola: 

Enclosed  are  two  memoranda  relating  to  the  temperature  logs 
run  in  the  accessible  flowing  artesian  wells  in  the  vicinity 
of  Camp  Aqua.   The  temperature  logs  confirm  that  all  hot 
waters  enter  the  wells  through  the  open  casing  bottoms  and 
that  significant  cooling  of  the  water  either  by  mixing  with 
cooler  water  or  by  conduction  away  from  the  well  does  not 
occur.   A  thermal  contour  map  of  temperatures  measured  from 
wells  suggests  that  the  hottest  ground  water  is  southeast 
cf  the  Camp  Aqua  well.   However,  there  are  no  wells  in  this 
area  from  which  to  collect  temperature  data  to  confirm  the 
:  .  :r  . .  V  I  '"  '  '-\<-     '.  ■■'  h:' rm  i  "1  :-■  n  I  ^  u  ■'. : . 


^ 


li.:    our    opia.. 
drilled    into 


iiiL    c'[i> 


..    I  h 


ct'.o    arte.;  i  an    auu 


:  .ma  !  1      •  ■   M'!    I  iT    ho  I  •  ■  , 
'     .ouli:     i[id    oaat    ■-:     Ih-^ 


>>xi-t.'r.^'    C.";r.ip    Aqua    well.       Tlic    rl;'.t;    r>uch    hoi.-    ::i;u-uld    h^-j 
■arillod    at    the    ::ite    ir;itiall\-    ^;ol("jled    bv    Bill    Mofk    la..L 
Dt.aonbor.       The    northvv'est-souiheaa  t.     Lrorul.'nr,   axi..    o!     th>.' 
.isotherm:    passed    through    thi.:;    r.iLo    <i;;   well    an    a    li  neat  ion 
trending   oast-northeast.       Such    hole;-,   may    be    relatively    inex- 
pensive  and    provide   more    reliable   data    than    numerous    shallow 
holes    equipped   with   thermistors   which    sometimes    yield    unreliable 
results . 


» 


Thor  Jackola 


January  14,  198  2 


Page  2 


Prior  to  drilling  these  temperature  holes,  the  Montana  State 
Department  of  Water  Resources  (DWR)  and  Department  of  Energy 
(DOE)  should  be  notified.   The  DWR  may  require  a  licensed 
well  drilling  contractor  or  drilling  operator  be  involved 
to  insure  that  artesian  flows  are  properly  contained.   The 
D.^E  r.-T,"  feel  r.lightcd  if  they  are  not  included  in  the  selection 
process  and  may  be  ornery  at  later  stages  of  the  project. 

If  there  are  any  questions  do  not  hesitate  to  contact  our 
office . 

Sincerely , 

WILLIAM  E.  NORK,  INC. 


S>^  C  3 


'-^y^-t 


Dale  C.  Bugenig 
Hydrogeologist 


DCB:bh 
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WILLIAM  E.  NORK,  Inc. 


WILLIAM  E.  NORK,  Inc. 


CONSULTING  SERVICES  IN  HYDROLOGY  AND  GEOLOGY 
1026  W.  First  Street  •  Reno.  Nevada  89503  Phone  (702)  322-2604 

January  lU,  198  2 
82-231 

MEMORANDUM 

TO:      Thor  Jackola 

JACKOLA  ENGINEERING 

FROM:    Dale  C.  Bugenig,  Hydrogeologist  PC £, 
WILLIAM  E.  NORK,  INC. 

RE:      TEMPERATURE  LOGGING  OF  FLOWING  ARTESIAN  WELLS  IN 
THE  VICINITY  OF  CAMP  AQUA,  LAKE  COUNTY,  MONTANA. 

On  January  7  and  8,  1982,  ground  water  temperatures  in  a 
total  of  seven  flowing  artesian  wells  In  the  vicinity  of 
C.;nip  Aqua  were  logged  by  WILLIAM  E.  NORK,  INC.  personnel 
with  the  assistance  of  Bill  Christensen.   The  objectives 
for  logging  were  to  measure  bottom-hole  temperature  to  deter- 
mine in-situ  temperature  of  the  ground  water,  verify  that 
the  hot  water  entering  the  wells  from  the  bottom  is  not 
:n;.xint!,  with  cooler  gi'ound  water  in  the  well  casing  and  measure 
,  ;:  ^   .  o-  'h      ■• 
;.  i!  l;u'  :.ur  !  ace  . 

""I'.iV  ■  lowin'"",  .ii'te.  \   m  v.\'l!  ;  v-Mth  <"  :  ;v  '•>■  "■•  '■     <''      i  •' omper"  i- 
■  ^re  s^:rule  into  the  well  .^.is,  in.',  w.'fe  Lu.-',iV'i.   Wo'.Ls  eeuipje:'. 
with  pumps  or  v;hish  would  reeuirc  '.xte:  '.w    d  :  .mant  1  Lr^r; 
of  coi'.trol  valve.;,  disch>.it')',e  pipi'  ■,  iM^:.,  wi-t'i,'  avoLdv:d  lo 
reduce  the  risk  o  !^  damage  to  pergonal  [-iropct'ty  or  los.,  o' 
ee.uipment.   The  "Gossett  v^7ell",  logged  through  the  clos-;-'. 
?-i.nch  diameter  pipe,  was  not  allovryed  to  i  1  ow  whLle  !'')■.'.',  ing. 
The  v.-ell  at  Camp  A.:ua  could  not  be  logg/'d  withour  making 
rsiical  m.cdif  ica  r  ions  to  the  well  h-^  u!  t  >  r-iduce  the  saanci; 
.g  the  tempor"  ilutv"!  soth.l<;.   Loeili-a;.  <••'  t  lie  ■.•,';':Ls 
g i  V a n  in  F i gu r e  1 . 


® 


Thor  Jackola  January  14,  1982         Page  2 

nX         Examination  of  the  temperature  logs  enclosed  show  the  follow- 
in  p  ?  V_ 


1.  Bottom-hole  temperature  is  one  to  four  degrees 
Fahrenheit  greater  than  discharge  temperature 
measured  at  the  well  head. 

2.  Temperature  of  the  ground  water  is  relatively 
constant  as  expected  in  a  flowing  well  from  a 
few  feet  above  the  bottom  of  the  well  casing  to 

about  50  feet  below  ground  surface  where  temp- 

* 

erature  decreases  more  rapidly. 

3.  Bottom-hole  temperature  is  lower  than  outflow 
temperatures  indicated  in  the  "Donovan  Report" 
suggesting  a  seasonal  variation  in  temperature 
of  up  to  about  3,5°F. 

The  temperature  data  provided  from  the  Donovan  Report  and 
that  collected  by  WEN,  INC.  personnel  were  used  to  construct 
a  temperature  contv3ur  map.   The  L^uirherm;;  exhibit  the  same 
nor  tfivvos  t-sou  thca:;  t."  l:iu,Mr  LixMid  ::uj',}j,u:;  Led  by  cliemical  data 
(Donovan,  1981)  which  parallels  the  liuspected  normal  fault 
along  the  eastern  margin  of  the  Little  Bitteroot  Valley. 
Unfortunately,  data  points  immediately  southeast  of  Camp 
Aqua  which  would  serve  to  refine  the  isotherms,  are  lacking. 

DCB:bh 
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WILLIAM  E.  NORK,  Inc. 


JACOBISON 
^6  F 
t51.5  F)l 


bciSiTliC   til0U\9    lOCJtiull. 
■J  j\      it;ti  JCtHji)  depth   10  tMljrock 

^-1,^0  G'dvily   contour 

N  Irnill.yjIiJ 


Prepared  by  WEN  INC.,  January   1982   (ref:  Donovan  and  Sondereger,  1981) 

■  -  Well  which  was  NOT  T-logged 
^-  Well  which  was  T-logged  01/07/82 
Example:  85  F  -  Bottom-hole  temperature    (83  F)  -  Out-flow  temperature 


Figure   1.    Thermal  contours  of  the  artesian  aquifer  in  the  vicinity  of  Camp  Aqua 
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Date: 
Weather: 


JACKOLA  ENGINEERING  COMPANY 
SUMMARY  OF  THE  FIELD  INVESTIGATION  FOR  GEOTHERMAL  WATER 


10/22/80  (Observation  time:  8:30  a.m.  -  5:30  P.M.) 

Sunny,  clear  in  morning  and  slightly  cloudy  in  the  afternoon. 
Ambient  Temperature  =29  F  -  65  F. 
Mild  wind  from  N.W.  to  S.E. 


Investigators:  Henry  Sung  and  Bill  Hallstrom 
A.   Data  Collected 


(1) 
(2) 

(3) 

(4) 


Water  Flowrate  = 
Water  Pressure  = 


pH 
Odor: 


(5)   Water  Sampl ing: 


127  Gal/Min.  at  3'  above  ground  level. 

(No  flow  change  was  observed  in  8  hours  measurement) 

14.5  PSIG  at  Well  Head 
10.0  PSIG  at  Tank  Influent 

(These  values  were  estimated  by  the  Montana  Bureau 
of  Mines  &  Geology) 

8.36 

(No  change  was  observed  in  8  hours  measurement) 

There  was  a  mild  rotten  egg  smell  for  8  hours  of 
investigating  time.  This  particular  odor  indicates 
the  presence  of  H^S  Gas. 

Six  50  ml  water  samples  (grab  sample)  were  collected 
and  shipped  to  laboratory  in  same  day  for  analysis 
of  gases  dissolved  in  water. 


(6)   Water  Temperature:  The  water  temperature  of  125.6  was  measured  and 


no  temperature  change  was  observed  for  all  day. 


Comments: 


The  well  has  been  in  existance  approaching  70  years.  At  the  time  of  drilling, 
area  talk  suggests  that  the  well  was  attempted  to  be  plugged  with  most  anything 
handy  at  the  time.  Significant  restriction  in  the  well  is  thought  to  exist. 
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Northern  Testing  Laboratories 


Jackola  Engineering  Page  Two       (T^ 

Kali  spell,  MT  14  October  1980       >^7- 

The  geologic  profile  consists  of  recent  alluvium  (silts  and  sands) 
underlain  by  lacustrine  silty  clay.  The  clay  is  underlain  by  gravels  which 
overlie  argillite  bedrock.  At  the  boring  locations,  the  sand  was  silty,  with 
occasional  silt  lenses,  loose  to  medium  dense,  and  wet;  depths  were  13  and 
18.7  feet.  Standard  penetration  resistance  (N)  values  ranged  from  9  to  25 
blows  per  foot.  The  silty  clay  is  a  soft  to  firm  lacustrine  (lakebed)  sediment 
which  reportedly  extends  to  depths  in  excess  of  100  to  200  feet.  Available 
well  logs  tend  to  confirm  this.  The  gravel  which  underlies  the  clay  is  of 
unknown  thickness,  but  is  underlain  by  highly  fractured  Precambrian  argiUites. 
The  argillite  is  also  present  as  the  large  surface  promontory  to  the  northeast 
of  the  project.  A  fault  system  is  likely  present  at  the  west  edge  of  this 
promontory,  paralleling  the  Little  Bitterroot  River.  Hydrothermal  waters 
are  percolating  up  through  the  rock  fractures,  into  the  sand  and  gravel. 

The  clays  are  sensitive  and  generally  normally  consolidated, 
with  some  evidence  of  overconsolidation  due  to  desiccation  in  the  upper  10-15 
feet. 

The  moisture  content  of  the  subgrade  soil  increases  significantly 
at  2  to  3  feet  below  the  ground  surface.  The  condition  of  these  soils  is 
such  that  operation  of  construction -equipment  in  them  will  be  very  difficult. 
Groundwater  was  encountered  at  depths  of  5  to  6  feet.  Monitoring  wells  were     ,<! 
placed  in  two  of  the  borings. 

Spread  footings  and  mat  foundations  can  be  used  to  support  light 
loads,  where  settlement  can  be  accommodated.  Structural  fill  will  probably 
be  required  for  these  footings.  For  heavy  loads,  wood  friction  piling  (allow- 
c^ble  load  about  20-30  tons)  should  be  used.  For  this  load  range,  wo  estinate 
33  to  50  foot  lengths  will  be  required. 

Data  regarding  the  temperature,  flow  rates,  and  chemical  con;po- 
sition  of  the  geothermal  waters  from  wells  in  the  project  area  are  summarized 
in  Table  I.  U'ell  locations  are  shown  on  the  sketch. 

Review  of  these  data  indicates  that  the  water  has: 

1)  a  high  sodium  content; 

2)  relatively  low  hardness  and  low  to  moderate  alkalinity; 

3)  low  iron  and  hydrogen  sulfide  content,  but  sufficient  for  a  metal- 

lic taste  and  slight  rotten  egg  smell; 

4)  slight  to  moderate  corrosivity  potential  by  the  Ryznar  and  tanglier 

indices; 

5)  the  project  falls  within  a  zone  that  is  ringed  with  wells  pro- 

viding relatively  warm  (+25°C)  water,  as  illustrated  on  the 
sketch;  maximum  temperature  is  51.2  at  well  No.  32. 

(  ■' 
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Northern  Testing  Loboratonos 

Jackola  Engineering  P^ge  Three 

Kalispell,  MT  14  October  1980 

Flow  rates  range  from  slight  to  large,  with  artesian  conditions 
in  almost  all  wells.  While  there  are   unconfirmed  reports  that  indicate  new 
wells  may  influence  the  discharge  rate  of  existing  wells,  we  understand  that 
your  project  concept  provides  for  recycling  almost  all  of  the  water  by  injec- 
ting the  cooled  water  back  into  the  acquifer.  Thus,  the  net  effect  on  the 
groundwater  regime  or  existing  wells  should  be  negligible.  Follow-on  studies 
will  provide  a  bettor  understanding  of  the  mechanics  of  the  groundwater  regime 
and  the  affect  of  well  use  on  it  so  that  the  most  effective  plan  for  reinjec- 
tion  can  be  developed. 

Historically,  there  have  been  numerous  spas,  bath  houses,  and 
residential  heating  systems  in  the  Camas  and  Hot  Springs  areas,  which  have 
used  the  hot  groundwater.  Although  some  are  still  in  operation,  most  have 
been  abandoned  for  various  reasons. 


CONCLUSIONS  AND  PRELIMINARY  RECOMMENDATIONS 

1.  The  surface  and  near-surface  soils  can  support  lightly  to  moderately 
loaded  spread  footings,  which  would  be  typical  of  one-story,  wood-frame 
and  masonry  construction.  For  footings  3  to  5  feet  wide,  with  loads 

of  about  2000  pounds  per  square  foot,  settlement  of  up  to  1-1/2-inch 
should  be  expected.  The  use  of  structural  fill  pads  or  site  fill  will 
reduce  settlement  and  provide  a  more  stable  work  area.^ 

2.  Where  heavy  loads  are   involved,  a  deep  foundation  system  will  be  neces- 
sary. For  preliminary  design  and  estimating  purposes,  timber  piling 

30  to  50  feet  long  stinuld  support  loads  of  ?.Q   to  30  tons,  with  settler.ent 
of  about  1/2  inch.  , 

3.  Any  underground  construction  will  bo  difficult,  involve  special  safety 
considerations,  and  will  probably  ponetrate  groundwater  at  some  loca- 
tions. Excavation  slopes  must  bo  flat,  or  bo  shored.  Access  roads  and 
parking  areas  will  require  special  design  features  where  cuts  are 
involved,  and  good  drainage  in  all  cases. 

4.  As  the  project  scope  and  layout  are  developed,  and  specific  loads  and 
conformation  of  structures  are  known,  additional  field  investigations 
and  laboratory  analysis  should  be  undertaken,  so  that  appropriate  spe- 
cific recommendations  can  be  developed.  These  will  provide  opportunities 
for  substantial  economies  in  design  and  construction. 

5.  There  is  a  potential  for  geothermal  development  in  the  area,  provided 
sound  engineering  design  and  management  is  incorporated  into  the  develop- 
ment. Items  requiring  further  study,  which  are  immediately  evident, 
include  corrosion,  influence  of  new  wells  on  the  system  regime,  proper 
well  installation  to  prevent  runaways,  and  disposal  of  cooled  water. 
Others  may  appear  as  the  project  is  studied  in  more  detail. 
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We  wish  to  thank  Mr.  Joseph  J.  Donovan  of  the  Montana  Bureau 
of  Mines  and  Geology  for  his  cooperation  and  assistance  in  providing  data 
and  information  about  the  area. 

It  has  been  a  pleasure  assisting  you  v/ith  this  study.  If  you 
have  any  questions,  or  if  we  nay  be  of  further  service,  please  contact  us. 

Respectfully  submitted, 
Leiand  J.  Walker,  P.E. 


LJW/RWG/mb 
Enclosures 
In  quadruplicate 


Robert  W.  Gillespie,  P.E, 
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Field  and  Laboratory  In  uestigations 

Engineering  Analysis  and  Recommendations 
Consultation 

Great  Falls     Billings     Montana     -     Boise     Pocatelh     Idaho     - 


14  October  1980 


Jackola  Engineering 
P.  0.  Box  1134 

Kali  spell,  MT  59901 

SUBJECT:    Preliminary  Geotechnical  Investigation 
Hot  Springs  Development 

Gentlemen: 


Gillette     Wyoming 


52S  Smelter  Avenue 

P.O.  Box  951 

Great  Falls,  Montana  59401 

(406)453-1641 


INVESTIGATIONS 


Our  work  consisted  of  drilling  nine  test  borinas  researrhinn 
available  lUerature.  discussions  with  Montana  Bureau  of  Mes  ad  Geo  oav 
personnel,  and  analysis  of  the  acquired  data.  Four  of  ?he  borings  were  25 
Lefch1S:i52-K^^''  ''  ''''  ''"'•   ''^y   -^^  ^°^^ted  as  shown  orthfenc^osed 

_  Samples  obtained  from  the  borings  were  inspected  nnd  rl;^^Qif ioH 

Jio  Sv  ?'°''r°7-''"^'"^9  to  the  procedures  of  the     e     1  C      ca- 
tion System.  Confirming  tests  such  as  particle  size  analysis  and  Atterbe^g 


FINDINGS 


known  .c  r.  "^^J  ^'^^  !^  irrigated  (flood-type)  pasture  land  on  the  property 

0  t  e  wes'^v  ?h''.''r'  ''r''   "^^^^  "°^^^^^^t  °'   "°^  Springs.  It  i  bo  ded 
on  the  west  by  the  Sanders  County-Lake  County  line,  on  the  south  by  the  half 

T  ;Sgr  p'hf^rtha;  'V''.''''^'   -?,-  the  ^ast  by  thTLm-le^Bitteiroot 
toward  the  eas?  '  °'°  '  '^'^^°^  '''''  ''^^''^'   "'^^   drainage 


i 


.  c 
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Northefn  Testing  Loborafoties 

EXPLORATION  AND  LABORATORY  TESTING 
Exploration 

Field  exploration  is  performed  using  truck-  or  skid-mounted  rotary 
drilling  machine  equipped  with  either  augers,  tricone  rock  bits,  or  coring 
apparatus.  Standard  penetration  testing  and  undisturbed  sampling  can  be  per- 
formed through  our  hollow-stem  auger,  which  serves  as  casing.  When  drilling 
in  large,  dense  gravel,  rock  fragments,  or  bedrock,  special  casing  is  usually 
required  to  maintain  an  open  hole.  The  soils  are  continuously  logged  by  an 
engineer  or  geologist  and  classified  by  visual  examination  in  accordance 
with  the  Unified  Soils  Classification  System. 

Samples  of  soils  are  taken  at  frequent  intervals  in  the  boring 
excavation.  Disturbed  samples  are  normally  taken  by  the  standard  penetration 
test.  This  test  is  made  by  driving  a  2-inch  O.D.  split-spoon  sampler  18  inches 
into  the  soil  by  striking  it  with  a  140-pound  hammer  dropping  30  inches. 
The  total  number  of  blows  required  to  advance  the  sampler  the  second  and 
third  6-inch  increments  is  the  standard  penetration  resistance.  Occasionally, 
a  cone  penetrometer  will  be  driven  continuously  from  the  ground  surface  to 
locate  soft  zones  or  to  simulate  the  driving  of  piling  into  subsurface  soils. 
The  cone  is  1-13/16  inches  in  diameter  and  is  driven  with  the  same  hammer 
and  dropping  distance  as  the  standard  penetrometer.  Undisturbed  samples  are 
obtained  from  layers  of  soil  that  are  critical  to  the  analysis.  Samples  of 
representative  soils  are  obtained  by  pushing,  or  possibly  driving,  a  thin-      (^ 
walled  steel  sampler  into  the  soil  layer.  The  soil  is  retained  in  brass  rings 
of  2.00  to  2.50  inches  in  diameter  and  1.00  inches  in  height.  Normally,  the 
central  6-inch  portion  of  the  sample  is  retained  in  close-fitting,  plastic, 
waterproof  containers  which  are  in  turn  placed  in  cushioned  boxes  for  shipment 
to  the  laboratory.  Occasionally,  thin-walled  shelby  tubes  are  used  to  sample 
sensitive  soils  that  are  easily  disturbed. 

Under  certain  conditions  and  with  certain  project  requirements, 
in-place  vane  shear,  percolation,  resistivity  and/or  California  bearing  ratio 
sts  r?.oy   bo  performed  in  accord.Tiico  with  standard  procedures. 


Laboratory  Classification  &  Testing 

The  field  classification  is  verified  in  the  laboratory,  where 
all  of  the  samples  are  classified  by  an  experienced  person  other  than  the 
one  who  made  the  field  classification.  The  classification  process  in  the 
laboratory  normally  includes  estimation  of  the  percents  of  gravel  or  rock 
fragments,  sand,  silt,  and  clay  fractions,  and  the  liquid  and  plastic  limits. 
The  natural  moisture  content  of  all  of  the  fine-grained  soil  and  bedrock 
samples  is  determined. 

Based  on  the  classification  tests,  one  or  more  of  each  represen- 
tative type  of  soil  encountered  is  selected  for  more  detailed  analysis.  The 
data  from  the  field  and  the  laboratory  investigations  is  used  to  prepare        /- 
the  final  test  boring  logs  (shown  on  the  Drawing).  V 


Noffhem  Testing  Loboratones 


^     Moisture  -  Natural  Density 


grained  samples  are  determined. 
Consolidation 


or  release  of  water.  "^         °  ^^'  specimen  to  permit  the  ready  addition 
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CONSOLIDATION  TEST 


) 


DRILL  HOLE 

t) 

DEPTH 

8.5'  - 

SAMPLE  NO. 

162528 

10.5' 


NO  I  ST  UNIT  WEIGHT 

DRY  UNIT  WEIGHT 

INITIAL  MOISTURE  CONTENT 

FINAL  MOISTURE  CONTENT 

CLASSIFICATION  :    CLAY, 


121  pcf  I 
96  pcf 
27  % 
22  % 
Silty 


00 

it: 


< 

00 


a: 


o 
I/) 


o 


^  PART  AL  SAJUR/TION 
3  AFTER  SATURATION 

n 

1 

ex^ 
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\ 

\^ 
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— — i^ 

V  1 
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— <1 

0 

• 

0.1 


0.5 


15  20 


NORMAL  PRESSURE,  KIPS  PER  SQUARE  FOOT 


> 


HOT  SPRINGS  DEVELOPMENT 
HOT  SPRINGS,  MONTANA 


JACKOLA  ENGINEERING 
KALISPELL,  MONTANA 


NORTHERN  TESTING  LABORATORIES,  INC, 
CONSULTING  GEOTECHNICAL  ENGINEERS 

GREAT  FALLS,  MONTANA 


UNCONFINED  COMPRESSION  TEST 


) 


DRILL  HOLE 
DEPTH 
SAMPLE  NO. 


9 

13.5'    - 
162541 


14.5 


gl.O 


o 

§).8 
I/) 

Ol 


< 
S3.6 

CO 

^.5 

(- 

CO 

2). 4 

CO 
CO 
UJ 

oc 

fO.3 

o 

0.2 
0.1 


MOIST  UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT 
CLASSIFICATION  : 
HEIGHT  TO  DIAMETER 


122  pcf 

93  pcf 

31  % 
CLAY,  Silty 
RATIO:  2:1 


RATE  OF  STRAIN:  0.5%  per  minute 


,/^ 

X 

\, 

/ 

/ 

\ 

/ 

/ 

\ 

\ 

\ 

/ 

^ 

\ 

/ 

/ 

FAILURE 
SKETCH 

/ 

y 

1 

« 

? 

3 

4 

5 

VERTICAL  STRAIN,  PERCENT 


HOT  SPRINGS  DEVELOPMENT 
HOT  SPRINGS,  MONTANA 


JACKOLA  ENGINEERING 
KALI  SPELL,  MONTANA 


NORTHERN  TESTING  LABORATORIES,  INC. 
CONSULTING  GEOTECHNICAL  ENGINEERS 

GREAT  FALLS,  MONTANA 


LOGS  OF  EXPLORATIONS 
EXPLANATION  OF  ABBREVIATIONS 


) 


^. 


SSS  (SPT)   -   Standard  penetration  resistance  test  —  results  recorded  ^ 

as  the  number  of  blows  of  a  lAO-pound  hammer  falling  30 
inches  required  to  drive  a  2- inch  0. D.  split  sample  spoon 
the  second  and  third  6-lnch  increments  of  an  18-Inch  -' 

distance. 

LSS       -    Modified  penetration  test  --  results  recorded  as  the  number 
of  blows  of  a  I'^O-pound  hammer  falling  30  inches  required 
to  drive  a  2. 5~  inch  0. D.  split  sample  spoon  the  second  and 
third  6-inch  increments  of  an  l8-inch  distance. 

CPT       -   Cone  penetration  test  --  results  recorded  as  the  number  of 
blows  of  a  lAO-pound  hammer  falling  30  inches  required  to 
drive  a  1 -1 3/1 6- inch-diameter  cone  one  foot. 

SRS        -   Split  barrel  ring  sample  2- inches  I . D.  for  taking  undisturbed 
samples. 

LRS        -   Split  barrel  ring  sampler  2. 5~  inches  I . D.  for  taking  .i 

undisturbed  samples.  \_  i  "* 

STS        -   Shelby  tube  sample  for  taking  undisturbed  samples 
(2"  to  3-5/16"  I.D.), 

Sack  (SK)   -    Sample  of  disturbed  soil  placed  In  canvas  sack  or  plastic 
or  Sag         bag. 

GWL        -   Groundwater  level  on  day  of  completion  of  field  Investigations. 


FO        -   In-place  dry  density. 

* 

RQO       -   Rock  quality  designation  (RQD)  for  the  bedrock  samples  are 
determined  .for  each  core  run  by  summing  the  length  of  all 
sound,  hard  pieces  of  core  over  k    inches  in  length,  and 
dividing  this  number  by  the  total  length  of  the  core  run. 
This  value,  along  with  the  core  recovery  percentage,  is 
recorded  on  the  drill  logs.  - 

f  1 


criuirtL.  I.  ltd 


LOG    OF     EXPLORATfON      HOLE 


PROJECT: 


HOT    SPRINGS    DEVELOPMENT 


JCB    NO.:       _ 

CSILL     TYPE; 


80-lS? 


SOIL  . 
ROCX 


Mnhi  In    R-c;n 


DRILLED  BY:. 
LOGGED  BY:. 
REMARKS: 


D-     firpiy 


HOLE     NO. 
SHEET         I 


DH    1 
OF 


T 


.1        ^prr\^ 


LOCATION      165'  f^    of    center!  JneTf" 
access    road    I   ^ly    E   of   gravel    roa( 
elevation:     top  of    hole     2SOO   (±) 
groundwater        -- 

DATE:      HOLE    STARTED  ^-29-80 

HOLE     COMPLETED  ^-29-80 


CLASSIFICATION      AND      DESCRIPTION 


■■/. 


/ 


/■ 


/ 


/ 


■'^ 


7.h., 


30 


0' 


Topsoil,  organic  matter. 


SAND,  Silty;  loose  to  medium 
dense,  wet,  occasionally 
grading  to  silt,  with  silt 
lenses,  trace  of  carbon 
detri  tus . 


CLAY,  Silty;  soft  to  firm,  wet, 
varved,  trace  of  carbon 
detri  tus . 


cont I nued. 


HOLt  NO. 


SHEET 


OF 


CLASSIFICATION  AND  DESCRIPTION 


w 


CLAY,  Silty;  soft  to  firm,  wet, 
varved,  trace  of  carbon 
detri  tus. 


50.0- 


BOTTOM  OF  HOLE 


V.UI«jOt.l    U4U 


OeUl  tcJxilCAL 


tNUlHttHa 


LOG    OF     EXPLORATION      HOLE 


PROJECT: 

HOT    SPRINGS    DEVELOPMENT 

joa   NO.: 

80-152 

DRILL     TYPE;       SOIL 

Mobi le    B-50 

ROCK 

DRILLED     BY: 

D.    Gray 

JOGGED     BY: 

J.    Ferris 

REMARKS: 

"OTT" 


HOLE     NO. 

SHEET       1  OF         > 

LOCAT ION    ~T8$'    S    Of   access    road   & 

660'    E   of   gravel    rood 

elevation:     top  of    hole      2dQQ   (±) 

GROUNDWATER 
DATE:   HOLE  STARTED  


i*-30-80 


HOLE     COMPLETED 


^i-jO-Bo 


4 

o 


CLASSIFICATION      AND      DESCRIPTION 


\. 


0°3- 


IZTT 
/ 


}      Topsoil,  organic  matter. 


y 

/  ■ 

'/ 
/  ■ 

■A 


1 


/ 


/ 


/■ 


13.0 


i 


^ 


SAND,  Silty;  loose  to  medium 
dense,  wet,  occasionally 
grading  to  silt,  with  silt 
lenses,  trace  of  carbon 
detr i  tus. 


CLAY,  Silty;  firm,  wet,  varvcd, 
trace  of  carbon  detritus. 


BOTTOM  OF  HOLE 


SPT 


SPT 


SPT 


SPT 


SPT 


17 


13 


25 


26 


32 


36 


hi 


LOG    OF     EXPLORATION      HOLE 


PROJECT: 


HOT   SPRINGS  DEVELOPMENT 


) 


80-152 


JOB    NO.: 

DRILL    TYPE:     SOIL       Mobile  B-50.   9"   Honov/  Auger 

ROCX 

DRILLED     BY: 

LOGGED     BY: 

REMARKS: 


G.   Skaer 


J.   Ferris 


HOLE    NO.  DH   3 
SHEET       1 


OF 


L0CATl0^6ee  Drawing  No.   80-15?-.. 

elevation:     top  of    hole  2777.7 
groundwater       n/a 

DATE:      HOLE    STARTED  8/4/80 


HOLE     COMPUETED        8/^/80 


CLASSIFICATION      AND      DESCRIPTION 


Topsoil ,  organic  material 


SAND,  Silty;  dense  to  medium 
dense,  moist  to  wet. 


V--:' 


/ 


/:. 


:•/. 


IS.OiC 


CLAY,  Silty;  firm  to  stiff, 
moist  to  very  v;et. 


25.0 


a 


BOTTOM  OF  HOLE 


-sss 


sss 


LSS 

sss 
sss 


sss 


11 


27 

13 


23 


26 


22 

32 

37 


38 


uvt t^Wk.!  t^^^J 
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LOG    OF     EXPLORATtON      HOLE 


PROJECT:      HOT   SPRINGS   DEVELOPMFNT  " 


JOB    NO.: 


80-152 


)     sRiLL    type:     SOIL       Mobile  S-50.  9"  HonnJTAT;;^ 

ROCX  

DRILLED     BY: G.    Skaer  ' ~ 

LOGGED     BY:  J.    Ferris  

REMARKS:     ^bU'   of  perforated  PVC  pipe   installeT 


HOLE     NO.  DH    4*. 


SHEET       ]  OF 

LOCATION  See   nr;iwino  No     Rq.]cy?Ii 


elevation:     top  of    hole  2i^£^ 

GROUNDWATER     27^1  .  ^ 
DATE:      HOLE    STARTED  fi/V^f) 


HOLE     COMPLETED         fi/^/RO 


CLASSIFICATION      AND      DESCRIPTION 


-/•/ 


Topsoil,  organic  material 

CLAY,  Silty;  very  soft, 
wet  to  saturated. 

GWL  (8/5/80) 


il.O 


./■ 


/ 


SAND,  Silty;  medium  dense, 
saturated. 


^A: 


y) 


CLAY,  Silty;  stiff  to  .roft, 
"^ery   wet. 


cent! nued. 


JOB  NO.. 


HOLE  NO. 


un  H 


SHEET 


OF^ 


CLAY,  Silty;  stiff  to  soft, 
very  wet. 


BOTTOM  OF  HOLE 


SSS 


SSS 


45 


43 


LOG    OF     EXPLORATION      HOLE 


PROJECT:      HOT    SPRINGS   DEVELQPMFNT 


i 


80-152 


JOB    NO.:      

DRILL    type;     soil       Mobile  B-50.   9"   Hollow  Auoer 

ROCK ^^^^^ 

drilled    8Y: G.   Skaer 

LOGGED     8Y: 

REMARKS: 


HOLE     NO.  DH    5 
SHEET       1 


OF  1 


J.    Ferri s 


CLASSIFICATION      AND      DESCRIPTION 


./ 


^■:. 


Topsoil,  organic  material 
CLAY,  Silty;  firm,  moist. 


SAND,  Silty;  medium  dense, 
moist. 


■/ 


CLAY,  Silty;  stiff, 
very  wet. 


BOTTOM  OF  HOLE 


) 


LOCATION  See  Drawing  No.    8Q-]^?-1 


elevation:       TOP    OF     HOLEi281.6 

GROUNDWATER 
DATE:      HOLE    STARTED  


N/A 


8/7/80 

HOL£     COMPLETED         8/7/80 


\p  /Q 

>~-o  /  yt  tec 

to  2    /  <  o  /5q 


-Lss    n 


LSS 


12 


SSS     34 


SSS 


15 


SSS 


SSS 


17 
12 


27 


31 


34 


39 


96 


>s.. 


n>^'iiM'!tiJ.I.f  llgl.liJI'lM'LLO 


worn    -"'^    "J*- 


—J 
NTL  150 


LOG    OF     EXPLORATION      HOLE 


PROJECT:      HOT   SPRINGS  DEVELOPMENT 


80-152 


JOB   NO.: _^__^___ 

DRILL     TYPE:      SOIL  Mobile    B-Sn.     9"    Honov;    A.mar 

ROCK  

G.   Skaer  ~~ 


DRILLED  BY: 
LOGGED  BY: 
REMARKS: 


J.    Ferris 


HOLE     NO.  DH    6 
SHEET I 


OF 


LOCATION  Spp   Drawing   Nn     ftQ-l^?- 


elevation:     TOP  of    hole  2Z5JIJ1 


GROUNDWATER  _2 748.0 

DATE:      HOLE    STARTED  8/5/80 

HOLE     COMPLETED  __8Z5/80 


CLASSIFICATION      AND      DESCRIPTION 


5.0  <- 


Topsoil,   organic  material 


GWL   (8/5/80) 


CLAY,  Silty; 
stiff  to  soft, 
moist  to  saturated, 

silt  lenses. 


i 


continued. 


CLAY,  Silty; 
stiff  to  soft, 
moist  to  saturated, 
silt  lenses. 


50. OJ 


BOTTOM  OF  HOLE 


sss 
sss 

sss 


6 

9 


54 
40 

35 


1 

1 


^ 


Hf\.   i:0  A 


'^^t*T',•^■•  '.'.'j^x^trmfi 
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LOG    OF     EXPLORATK)N      HOLE 


-v' 


PROJECT: 

HOT   SPRINGS  DEVELOPMENT 

^Ofl    NO.: 

80-152 

nRILL     TYPE:      SOIL 

Mobile  B-50,   9"   Hollow  Auqer 

ROCK 

nRiLLED     BY: 

G.   Skaer 

inGGED      BY: 

J.   Ferris 

RFMARKS: 

HOLE     NO.  DH__Z 
SHEET       1 


OF 


LOCATION  See  Drawing  No.  80-152-''    _ 
euevation;     top  of    hole  2765.9 

GROUNDWATER    N/A 

DATE:  HOLE  STARTED  _ 


8/5/80 


HOLE     COMPLETED 


8/5/80 


classification      AND      DESCRIPTION 


Topsoil,  organic  material 


SILT,  Clayey; 
stiff,   dry. 


10. 


20 


I)- 


SAND,  Silty;  medium 
dense,  dry 


CLAY,  Silty; 

stiff  to  medium  stiff, 
•  noist  to  very  wet. 


jr\ 


'.( 


continued. 


SSS 


SSS 


SSS 


SSS 


SSS 


SSS 


SSS 


SSS 


10 


12 


31 


26 


10 


13 


28 


35 


38 


28 


43 


NTL  ISC 


JOB  NO. —SlhliZ. 


HOLE  NO. 


DH   7 


SHEET 


OF_i 


CLASSIFICATION  AND  DESCRIPTION 


40  -^ 


50.0 


CLAY,  SiUy; 

stiff  to  medium  stiff, 
moist  to  very   wet. 


BOTTOM  OF  HOLE 


NTi  ISO  A 


LOG    OF     EXPLORATON      HOLE 


) 


PROJECT: 

HOT   SPRINGS   nFVFlOPMENT 

.ina    NO.: 

RO-15? 

DRILL     TYPE:      SOIL 

Mobile  B-50,   9"   Hollow  Auqor 

ROCK 

nRlLLED     BY: 

G.   Skaer 

(  nr.GED      BY: 

J.    Ferris 

RFMARKS: 

HOLE     NO.  DH    8 
SHEET 1 


OF 


LOCATION  ^(.p    Hr^winrj    Nn      fiO-iq?- 
elevation:     top  of    hole  2737. 1 


GROUNDWATER  2731  .3 
DATE:   HOLE  STARTED  _ 


8/7/80 


HOLE     COMPL£TED         8/7/80 


CLASSIFICATION      AND      DESCRIPTION 
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CLAY,  Si  Uy; 
stiff  to  3',  then 
very  soft  to  25 ' ,  then 
stiff,  dry  to  saturated, 
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CLAY,  Silty; 
stiff  to  3",  then 
very  soft  to  25' ,  then 

stiff,  dry  to  saturated, 
some  sand  lenses. 
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LOG    OF     EXPLORATION      HOLE 


PROJECT:     HOT   SPRINGS  DEVELOPMENT 


JOB    NO,:      80-15? 

DRILL    TYPE:     SOIL        Mobile  B-50.    Q"    Hnllnw  AurjPr 
ROCK 

DRILLED    BY: G.   Skaer 

LOGGED    BY: J-   Ferris 

REMARKS:      *25'   of  perforated  PVC  pipe  installed. 
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LOCATION  Spp   :)r,iwing  No.    RO-T;?-^  _ 


ELEVAT  ION 


DATE: 


TOP    OF     HOLE  ?7:^4.1 
GROUNDWATER  N/A 

HOLE    STARTED  

HOLE     COMPLETED 


8/7/80 


8/7/80 


CLASSIFICATION     AND      DESCRIPTION 
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Topsoil,  organic  material. 


25.0 


CLAY,  Si Uy; 
soft  to  stiff, 
moist  to  very  wet, 
some  sand  lenses. 
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SECTION  7 
AMBIENT  AIR  SAMPLING 
551-811 


) 


^ 


AMBIENT  AIR  SAMPLING 

An  air  monitoring  station  was  established  by  Jackola 
Engineering  Company  on  the  proposed  facility  site  and  sampling 
has  been  conducted  since  July  18,  1980.   A  General  Metals  high 
volume  sampling  system  utilizing  fiber  glass  media  is  being 
utilized.   Meteorological  data  is  being  gathered  using  Weather 
Measure  Corporation  sensors  and  recorder.   Temperature,  wind 
speed  and  direction,  precipitation,  and  barometric  pressure 
data  are  being  collected.   The  air  sampler  is  mounted  about  5.2 
meters  (17  feet)  above  ground  elevation  of  2753.78'  mean  sea 
level.   Scaffolding  upon  which  the  equipment  is  mounted  is 
situated  in  an  open  area  midway  and  on  the  site  along  the 
north  property  line.   This  is  generally  downwind  of  the 
proposed  plant  facility  site  located  approximatley  800  feet 
to  the  southwest.   Provailinq  wind  is  from  tho  southwest 
with  90°  shifts  to  the  west  and  cast  on  a  roqular  and  relatively 
uniform  basis. 

Security  for  the  sampling  equipment  is  provided  by  a 
neighboring  property  owner  who  can  restrict  access  and  could 
call  a  technician  in  case  of  equipment  malfunction.   Neither 
situation  has  occurred. 

Complete  results  of  the  ambient  sampling  program  follow. 
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BY 

fRTNl FD 


9 


PERCENT  MEQ/L  (FOR  PIPER  PlOT) 
CA    MR    NA      K    CL   S04  MC07 
2.1   0.2  96.5   1.2  14.3   0.2  S5.5 

"R    TO    I  AT    NliMJ;r  t 


U 
■19 


~ii  J 

>  .  0 


«  iKiL; 

,.liiL     82 


te:  l•H;•TUp»^^ReS^^P^^^*^CFfr.JlbEASC  RCFFf 

"         "r'r-,i  MOMTAHA  D^^EAJ  OF  En 

.-  pxa!iii:av-s;;a:ECT  to  m  cioiur^ 

li^  KfviSlOtl  PRELIM!OT-SU:^:i  13 


^    r-r n 


■  U' 


^ 


Prfl  ?  . 

Corrections. 


~^G^A     Et.w^RONl^ENTAL    MONfTORING       state  of  Nevada  certified 
GOKRML  MMMCML  ANAUfSIS  MtPOffT  Laboratory  No.    11 


,C' 


DATEOFREPCRT 

^»  Nunaen 

CUCNTi 

Wm.    E.    Nork,    Inc. 

MON\DAf\r/t 

2/11/82 

1026  W..  3t   First   Street 

Rpnn^     NV       M^^\ 

SN   907    722 

SMMPL£     IDENTIFICATION     DATA 


lOENTmCATION    NUMBER  I     fzkl-l 

SJIMPLE    COLLECTION  DATE:        1/29/82 

SAMPLE     COLLECTION    TfME:     11:10  Hours 

SAMPLE     COLLECTED      BY'-    Dale  Bugenig 

SMMPLINS    LOCATION   :  Camp  aqua 

Lake  County,  Montana 


PANAMgTE/9 

VALUE 

CRITERIA 

PARAMETER 

VALUE 

CRITERI^3 

BICARBONATE 
ALKALINITY 

mif/l 

111 

— 

MANGANESE      m^jl 

0.05 

0.10  f 

CARBONATE 
ALKALMTY 

m^Jl 

0 

— 

NITRATE    ^^3     V^ 

0.1 

^^  , 

CAICMJM 

mq/l 

4.6 

__ 

PH 

8.2 

6.3  -  8.5^ 

CHLORIDE 

m^/l 

34 

400^ 

SOOMjN                  rnqfl 

145 

— 

ARSENIC 

iM/t 

0.04 

0.05 

SULFATE               mqfl 

5 

500   g 

FLUORIDE 

mqfl 

5.5 

9tf 

TOTAL  DtSSOU/ED^lf 
SOLIDS                 '^r 

423 

lOOO  g 

IRON 

m^/t 

0.79 

OB, 

"mmt"'"^!' 

3.3 

— 

MAGNESIUM 

mq/l 

0.8 

I50, 

Silica                   mg/1 

42 

OTHER   WATER    QUALITY  ANALYSIS  REQUESTED 

Zinc 

mg/1 

<0.01 

Boron                    mg/1 

Lithium 

mg/1 

<'0.05^ 

Cadmium               mg/l 

<'0.01 

Mercury 

mg/1 

<:o.ooo5 

Chromium              mg/1 

^0.02 

Selenium 

mg/1 

<0.005 

Lead                       mg/1 

^0.05 

Silver 

mg/1 

<.0.01 

-N^  CRITERIA     DEPENDENT  ON   LOCAL  ANNUAL  AVERAGE  MAXIMUM   DAILY    TEMPERATURES 
I.      as    ENVIRONMENTAL  PROTECTION  AGENCY  PRIMARY  DRINKINS  WATER  STANDARDS 
#.      sure  Of^  NEVADA   DIVISION  OP  HEALTH   SECONDARY  DRINKINS   WMTER  STANDARDS 


'Sistin^  Laboratories.  Incj 

*ii>^  \Vl>5ri.Tn  A«.f  1UC  ScatileVCbihim^ion  96104   (206) ct?2 -0727 
tk  ?rniiU7!  MicrobioJogy  and  Technical  Services 


Certificate 


^,.T      Jackola    Engineering   Co.  ixscaATo^rNO.        7064€ 

5  75    Sunset   Boulevard  /uo^t 

Kalispell,    HT      59901  ,.,,      j^^^   22.    IS 

■c:\53roN  WATER 

«^'M,RCAT.ON  The    following    samples   were   composited    to  make   one    sample. 

#1       7-1-80      5:00    PM      Well   Water 
T&TOP£H^o«MEo  ^^^   Springs,    MT      Temp.     114°F 

'*DnsSLIi.TS. 

#2   7-1-80   6:00  PM  Well  Water 
Hot  Springs,  MT   Temp.  114 °F 

pH,  glass  electrode  at  25°C 8.6 

p^arts  per  millioni 

Total  Iron  : g  -y 

Potassium  'o 

Ho^ium l^o" 

_   •  "  "    2.6 

r-.. Kjr.es  lum  .. 2 

Hardness  as  CaCOs  28o' 

Sulfate  as  SO4  ;1^q              : 

Total  Alkalinity  as  CaCOa  298               ' 

Carbonate  Alkalinity  as  C3CO3  0 

Bicarbonate  Alkalinity  as  CnCQ^    293 

Hydroxide 0 

Carbon  Dioxide  i   3 

Total  Solids 540' 

Methane  Less/5 

Ethane  Loss/5 

Propane  Less/5 

Butane  Los3/5 

Ro ;:;>:•  A  fu.t'ly  ;^uij,ai  tted , 

Mike    u'elson 
MNrks 

s,l_r-— '.)   '■■•'■^^0'  ''»i:4ll  .ncofn»ci..-o  -•lhl^»»3,•l1  j.rvgo'  it'to<*'-i  f'OC-:!  c  p' j<.»»«  »:  I  b»  ii'«n".«<3o^'f  onconirfci  Thjcompjn,  «cc«3ii'>0'»>?o-v:''.rr  t<  1 
'V^'_^-/'V     '^  '"•  0^*  f*^>t^»^ctot  'r«>v*<'*.>n  A-xlcy  •A^iyioln  ;:.>.»d  t^ift  Af^  .*.;;.?« J>nfl  to  l^•fu'•t  ol  1h«|r«j«  *nd  of  »c.*.'«c«. 


-^  "i^stin^  Laboratories.  Inc.  V*"^ "  "^  ,,,  Certificats^ 

/      VSas\\c$tomATCnue.Scattle.\)Ci.shin^;kxi96lC)4  (2C56)6220727  \  j\)\,    *• 

C'^TiistryMcrobioJogy  and  TechnicaJ  Services  \ 

*^'^*'^     Jackola   Engineering  Co.  labobaiobyno.    70745 

575   Sunset   Boulevard 
Kali:.::ell,    I'iT      59901  date     j^Xy   21,    198 

-x^^TON  WATER 

i'.rrsT,.,cAT,0N  .       Marked:      V7ell    tap      Camp   Aqua      Hot   Springs   MT 

7/14/80      11:18      Bill    Hallstrom 

T£rf:s  pl'--Csmeo 

Methane,  %  wt/wt ,02 

?ropane,  parts  per  million  <5 

Ethcne,  parts  per  million  <5 

Butanes,  parts  per""million <5 

Explanation  of  Symbols  .   > 

<     dc-nOtOS     "less     than"  LaucksTes,Ing^3bor^or;^lr^^ 


c 


D"3ARBORN 
CHEMICAL 
a.  (U.S.) 

GENtSffi  ST.    .     LAKE  ZURICH,  IL  60047 
t'BLEPHONE  312/438-8241 


i^auuiuiory  no.  ^'-■■■jn^- 


J   u    IIU. 


260V0CL0' 


Collected 


C7/?^i/3U   ^^'-^'^-        0  8/11/ GO    ^"ported         0  8/12/ 


5a/esmon  j   ^    JOHNSCN 


District 


PAC    NORTH^^ES 


Client 


CAMP    AQUA 


-    HOT    SPRING    MT 


Sampling  Point         WELL    TAP 


REPORT    OF    WATER    ANALYSIS 


'hysicj»u.  appearance 
GT    PtS    CLS    CLR 


PARTS 
PER  MILLION 


olid** 

-158 

ppm 

.uv''ii«*'«>'id«* 

<10 

ppm 

:hlc:of(JO»» 
«tr<cuWi»(oil.  tie.) 

ppm 

>H 

8.5 

itWi'in.ry  *iC»CO, 


l-l 


ppm 


I'Vdl.nlry  »5  CjCO, 

292 

ppm 

"a.ry  *»C»CO, 

ppm 

riAiff   eiS  ^CaCO, 

9 

ppm 

mic'ornhos 
per  cm 

(iirL  .l.ty 


units 


•■■••,  .Tf'.'c.  d-  ":)  it  103  105'C 


Si'EClAL  ANALYSIS  AND  RE;'.'ARKS: 


Di-'/rvL/dG 
-   -V  Ocp,Vr    Go.    (^-1      (-Ocis'w    «   ^-^-^o 


-f;    Al    Cu    Fo    hr.    Zn       CLPc^  <Ll^  .^,-/ / 


r..i:,j  ,-    •ii.".o'7  t    O.^.'JJ  ■•  ii-./U  S.  Gal 
I'   ..■-<;c'-ri"    C  i'.'.^in  X  17.12  '  ppm 


EQUIVALENTS 

PER  MILLION 

(me/l)** 


CALCIUM  asCa 


MAGNESIUM   as  Mg 


SODIUM  and  POTASSIUM  as  Na 


ALUMINUM   as  Al 


COPPER  liS  Cu 


I  HON   OS  Fe 


MANGANESE   oj  Mn 


ZINC  as  7.n 


jU  ICA    .  <  SiO, 


"!CAm  !0\ATE    r.s  IICO-, 


CAr^BO'JATE    cs  CO, 


HYDriOXIDE     cj  OH 


2.8 


.^9 


153 


<0.C5  Tcr 


<0.02  TO 


<0.C5  TO 


<0.05  TO  r 


<0.05  TO  r 


n6 


16.8 


CHLORIDE  05  CI 


SULFATE  r.s  SO ^ 


NITRATE  UT.VO, 


MTRlTc  cs  NO, 


FHOSrHATE.  ORTHO  r.ffO. 


PHOSPHATE,  POLY    as  PO^ 


SULFITE    as  SO, 


CHROMATE    05  CrO^ 


3^ 


*Parts  per  <:\i:::un  (ppm)  -'  mi.'.'i'^o  ns  p^r  liter  (f.Sfl) 


r 


DEARBORN 

CHEMICAL. 

(U.S.) 


£NeS£.€  S3-.   •     LAKE  ZURICH,  IL  60047 
T©iS3>H0NE  312/438-8241 


l^cuornivi  J  "u. 


Collected  0//2'./5C;^^e'd.        CCJ/O'J/30  R.poned         08/13/8C 

District     f^C    NORTHWEST 
-    KALISf'ELL    MT 


Salesman 


J    JJHNSON 


Client 


JACKOLA    ENG.?    CO 


Sampling  Point 


RIVER  ^:ater  out  flow 


REPORT    OF    WATER    ANALYSIS 


VSICAL   ,#P£ARA-JCE 

- r  PLJ  lt  krn  gl  brn  sed  cloy 

PARTS 
PER  MILLION 

EQUIVALENTS 
PuR  MILLION 

.idi«.:i..«.                  292 

CALCIUM   asCa 

30 

1.5 

p.;.ded  ',>»!di«                    ^^                                      PP" 

MAGNESIUM   as  Mg 

11.2 

.92 

oroforro                                                                                ppm 
r^f  tib;e  iil,  etc.) 

SODIUM  and  POTASSIUM  as  Sa 

50 

2.17 

8.2 

ALUMINUM  as  Al 

j'.,.i-tv  a'-&CO, 

COPPER  OS  Cu 

I'.-.cry  a«-&CO,                                                                   _^ 

IRON  as  Fe 

MANGAMESE    as  Mn 

1^2 

ZINC  cs  Zn 

,   .                                                                                                      rnicrOTlhoj 

.j.^.j--,                                                                              per  cm 

■f  ,:      ,13:  103  ICd'C 

SILICA   ii<  SiOj 

diCA:;!;0-.ATF    ,;.■,  IICO^ 
CARBONATE    J5  CO^ 

^2 
2'i9 

NQNE 

^.OS 

SP?C!A,L  ANALYSIS  AND  REr.'.ARKS: 

HVORCXIDE    as  OH 

7,3 

CHLORIDE   -5  CI 
SULFATE  csi)0^ 

.21 

LA.':.;. 

13 

.27  — 

MTHATE  as  1VO3 

r.iraiTE  ^5  SO^ 

1 

.02 

PHOSPHATE.  OHTHO  csPO^ 



rHCL^'HATE.rOLY    ^ilO^ 
SULFITE    OS  SO3 

s^                                                                                      

y  if 

'^y 

CH  ROM  ATE   asCrO^ 



o-.Lf^ion  factor*  ,n  <:  rm 

p  .      -,r  r-..ir.oa  X  .C5S3  '  nr./V  S.  CaL 


iPans  per  T.i'.V.^.n  {ppm)  -  mitligra-ns  per  liter  (mg/lt 


p- 


DEARBORN 

CHEMICAL. 

(U.S.) 


c  H  e  M  e  D      o.  • 

GENESEE  ST.    •     LAKE  ZURICH.  IL  60047 
TELEPHONE  312/4385241 


t^iluui  uiUl  J^    tiu. 


ozjck:  I 


I  u  no.        ^6t'<U003 


Collected         07/2^/90    Rcc'd.      08/0'o/80    Reported        OQ/13/: 


Salesman         J    JOHNSON 


District    PAC    NORTHWES 


Client 


JACKOLA    ENG    CO 


-    KALISFELL   MT 


Samplins  Point        RH;ER    WATER    IN    COMING 


REPORT    OF    WATER    ANALYSIS 


^YSICAL  APPEARANCE 

.IT  PLS  LT  BROWN  SL  BROWN  SED  CLOY 


PARTS 

PER  MILLION 

(mg/l)* 


EQUIVALENTS 
PER  MILLION 
(me/l)** 


or.i  e.-iion  fjctort 

"  .  u  ,■.  r  m.;;ion  X    0:'S3  -  gr./U  S.  CaL 
,  ,  r  vs.  C.J.U^i  X  17.12  '  ppm 


jt*l  d.uolved                         ^_. 

CALCIUM   as  Co 

32 

1.6 

is;,indfd  jolidi*                  36                                         ppm 

MAGNESIUM   as  Mg 

11.7 

.96 

itfjctobli  (oil,  ttc)                                                           '^'"" 

SODIUM  and  POTASSIUM  as  Na 

^6 

2 

n                                 8.3 

ALUMINUM  as  Al 

COPPER  asCu 

e;f-yl  ora^9e                          „»„ 

k.!:.^,t>  a,CaCO.                202                                     PPm 

IRON  as  Fe 

i   oxide 

MANGANESE   as  .Mn 

ifd-jjjCaCO,                 123                                  ppm 

ZINC  OS  Zn 

:c.(«                                                                                  micrornhos 
■  -•i,;  Tjoce                                                                      pjf  cm 

-;  .-^.ry                                                                    units 

Sll  ICA    .:^  SiO^ 

23 

.•..:  ■::•.€.   If.'d  at  103-105'C 

fllCAHHO-.ATE    ....  lICO^ 
CARdON'ATE    OS  CO3 

2^7 

fl.OS 

SPfcCIAL  ANALYSIS  AND  REMARKS: 

NONE 

HYDROXIDE    a;:  OH 

D.'VDG 

CHLORIDE   as  CI 

6,7 

.19 

SULFATE  OS  SO, 

1^ 

.29 

NITRATE  cSiVOj 

1 

.02 

MTHITE  JS/VOj 

- 

PHOSPHATE,  ORTHO  cs  PO^ 

\ 

PHOSPHATE,  POLY    as  fO^ 

^ 

SULFITE    C5SO3 

CHRO.MATE    as  CrO^ 

*Pcrts  I'cr  iniUion  (ppm)  »  miHlgru'ns  per  lllc  (mg/l) 
*'Fi,..li     'c-'i.'i  ;  I  r  '  i:.'i'.on  f.-p'^J       :i\iHi-i;:i::.  .' .  r.'';  p^  r  . 


..'c  (I'.e/l) 


'{ 


)    .  .J lii0 Laboratories, Inc.  Certifica 


.v;:.  rn  .^ >;n!e  Seaiilc\X"hM'iinvti.in  98104   ('?06)ce2  0727 


•  i\^J:n:bx±>€5:  and  Techrrical  Services 


"t 


A, 


.   .'     JacV.ola  Enginooring  Co.  labosatory no  703(35 

.:?3   Sunset   "oulovard 
.al-l-.r-oll,    HT      :>5901  date   -^^g.    15^    19^0 

. :  -D'*'.  CN  V.  ATS  R 

^^.^"'^^-.c•T.ON  r^arJ-.Gcl:      1)       VJell    Tran   CeoUiemal      Srunplo    §3      ''ITT 

12.5.   PSI       7/25/80      12:45 
Cojnp  Aqua,    Hot   Springs,   MT 
Sanplod  by:   B.    Hallstrom 
2)      Riv'-?r  VJator  Out- flow     Sainple    w5 
Little    EittGrroot      7/25/80      12:00 
Qv.\-^-^   Aqua,    Hot    Springs,    MT 
Ga-plod  by:    E.    Ilallstrora 
-3)      Rivar  Uater   In-Flor        Sample    #5 

Little   Bitterroot      7/25/80        i:30 
Carp  .\cua.    Hot   Springs,   HT 
Eanplcu   by:    B.    Hallstrom 


cl.-.ss   Glv?ct.vo'.l3    at   25°C  8.5  

)r,    \nits  5  

QC.iz ,    T".iros>old   C.'or    :a:.-};or  1  

'•'^ipholorctor  Turbidity,    ivnits  <.5  

parts _j '■3r  million 

CnrlxDn    'ilo-.iica  1,4  

'ro::al   I'art'LnarJS  8  

'iDial   All-.alinity    as    CaCOa  2  SO  

Mydroxide  Al'calinity  0  

Carbonate  Alkalinity   as    CaCOa  30  

Bicarbonate   Alkalinity    as   CaCOa  260  

:vro.-ido                                  '  <.l  

rhloride  32  

Fluoride  5  

ro.:ide  <.i  -—  — 

"i---ite  <.05                   .3                      .3 

-■-  — ite  <.005                .010                 .010 

Total    Phospl^atG  <.02                   .15                   .16                   ,7' 

^':".-acG    as    SQ^  2  ^ 


:.^tiiig  Laboratories,  Inc. 


Certificate 


V^TTueScatiliNXhshinvion  98104   (206)022-0727 


Tiii1:t:7  Microbiology  and  Technical  Services 


PAGE  NO 


>\:i 


.:-.  :    i.v-T   Co. 


mnoMSTQRr  NO 


70bC5 


parts   per  rdllion 
12  3 


Sulfide: 

Sulfite    CLZ    00 2' 

£o:'iuri 

.'"  ^  ;■;• "  j:'.iir"i 

("-"-ciiu-i. 

;  a;_  .-i.-isiur.-i 

,■"-.';  :.i:i"(.T.; 

^ 

:- :i:.n.-.y 

;  r-'.inlc 

ra-:ii:u'r. 

Ca/r.iun 

C'r  ■  ■•:>■.:■  \\-^, 

."':•_  ^  .^r 

'v    "ric    Tron 

'"•■  .  .■  ■■..s    Tit")!'. 

■  *.  c* 

■-  m:".o1 

F.il-vvr 

r.t  ronMun 

^in 

rlnc 

;  ■  ~cnia   as   1:1-3 

Total    Kjoldahl 

"i'trocGn 

iron 


G 

<2 



»  — 

14  0 



^  —  — 

-     •      — 





y..o 









.05 

1.5 

1.3 

.13 

.15 

.12 

<.005 

<.005 

<.005 

<.02 

.14 

.14 

<.002 

<.002 

<.G02 

.025 

.017 

.012 

.00  0 

.011 

.008 

<.01 





<  .  0'". 

_.  _ 

-- 

<.  ns 

<  .  Ti; 

<  .  '■  5 

< .  ( '  0 1 

v'.OOl 

<.0  01 

<.0':. 

<.  '.5 

<.03 

<.002 

<.002 

<.002 

.14 

.18 

.19 

<.005 

<.f^'C5 

<.CC5 

.008 

.018 

.032 



.2 

1.0 



1.  3 

2.2 



1.3 

1.3 

xMPN   ner   100   nls 


Tctal    Col i for- 
r  ■.  •  ca  1    Co  1  i  f  o  m 


<2 
<2 


170 
79 


170 
17 


i^\\     T*^%-t.*_'  ?  5u^~^'''fO '■)' i^e  f  *;'wt  -e  I.J- o' • 


son.  i*-*'^v'!>^'  t  o-  ic  •;-./**'C''  *  3  *'*j't>  i'  ts  ^--r  ..■<,  .►■  j  S  -f  •-;  -v*!*  ui»  c'  t'.e  '  J  *  ^  d*  I-  »  co--";  j*  f  «  -^z 


i«r^itiag  Laboratories,  Inc.  Certificate 

'^    lOffifWcxcrn  Avenue  Seattle  \Sbihing!on9Sl04   (206)6220727 
C*'..i»T.isJry  MicTDbioJogy  and  Technical  Services 


PAGE  NO  3 

^.\.:.z.  i::f:i.io-.  ;■  ■-::cj    Co.  laeohato^yno.     7c8G5 

Explanation  of   Syr\bols 
<    cc-notGS    "lc3C    than" 


Rosi^octfully    sviirriittod/ 

Level. G   Tcscirig  T.abcratorics,    Inc. 

J.    r..    Owor.G 


'  _  -  -.*  Jl    -""e  ■- **■  0*  '^s  s*i"  ift  cw'~.^#<;t.o'>  ■••ii  t^e  Ad-er"  j.-.}  o*  s^  ♦  o'  i'~f  t'ciuct  c  p->:-iS  *■'  te  ;'»-'cj  o'>  r  O''C0''vac!  Tr*  scot-.- tf-  ,  j-.c-;i's  -O'es^^i-i  i   ■•,  i  i.epl 


'festin^  Laboratories,  Inc.  / 

K8SV:feManAvvnLiiiScatilc\Xb:^iMStLYi9SD4    ('206) c02  0727 


Ovmi«ryMicrobioJocy  and  Technical  Services 


uiENT      Jackola   Enginearing   Co, 
575    Sunset   Boulevard 
Kalispell,    MT      59901 


/ 


^9 

Certificate 


osoRAToafNo      70934 
DATE    Aug.    23,     198C 


^>o«TON  WATER 


|.•.C5^^|FIC*TI0N 


,»NC5£SULTS 


Marked:       1) 


2) 


3) 


8-1-80       11:00   AM 


Geothermal    118°F    12PSI      Sample    #7 

Location:       Camp   Aqua-Hot    Springs,    MT 

Sampled   by:       B.    Hallstrom      Date: 

River    in-flow      Sample   #8 

Location:       Camp   Aqua-Hot    Springs,    MT 

Sampled   by:       B.    Hallstrom      Date:       8-1-80      9:30  AM 

River    out- flow      Sample    #9 

T-ocation:       Carr.p   Aqua-Hot    Springs,    MT 

Sampled    by:       B.    Hallstrom      Date:       8-1-80      10:00   AM 


pH,    glass   electrode    at    25°C 
Color,    units 

OJor,    Tnrniihold    Odor    Number 
?.'j-.->,('']oi-.  'ter    TmhidiLy,     units 


8.5 

5 

1 

n.5 


■~>r  !  :;    Lv"T    ip  i  11  ion 


drbon    dioxide  1.4 

Total    H.irdnoss  9 

Total   .^^Ik.i  1  in  1  ty    as    C.tC03  2  90 

Ily-.'ivox  ido    Alkalinity  0 

C/>!-".:o:-.nte    Alkalinity    as    CaCOs  30 
Bicr-rboaato    Alkalinity    as    CaCOa       260 

rwo.nide  Less/.  1 

Chloride  30 

Fluoride  5 

Iodide  T^^ss/.  1 

Sod  i  um  13  5 

Pot.Tssium  4,4 

C  a  I  c  i  UTi  3.4 

'■■.:vji-ios  ium  .5 

A  1  \i:n  i  n  lun  Lo  -3  s / .  02 

Ant  ■  ;r,ony  T  ?s?/.  1 


&2 


Loss/. 1 


L-ns/. 1 


T-i.»'»^J""  ii%^^'^"'m'^  fey  l- 


.#  -»e  o'  I^  B  ;«  »>ri.  c  *■!  '*»**■:>.  c  co  ,z  »',,'  '-i  -!"  w--^  '  15  »jj- j«  >•:!  S«-«-G-*r.'  _5e  o'  i'  *  r  *  -•©(  i-'-  ^c-  ■";«"r  •■'•■  •'»» 


^  'festing  Laboratories,  Inc. 

iJOS  \\".--;crn  A^rrja.  Seattle \Vb<liincion  PSKM    ('206) cit?2 -0727 


fCA 


Certificai 


Cv~istry  Mkrobiolo^  and  Technical  Services 


Jackola    Enc 

gmeering   Co 

. 

parts    per  mill 

ion 

PAGE  NO             2 

LAOORAToar  NO 

70934 

1 

2 

3 

Arsenic 

Less/. 005 

.005 

.005 

Barium 

T,oss/.02 

.  11 

.12 

Cadmium 

Less/. 002 

Loss/. 002 

Lc 

SS/.002 

Chromium 

.005 

.008 

.005 

Copper 

.011 

.006 

.004 

Ferric    Iron 

.05 



—  —  . 

Forrous    Iron 

Loss/. 05 



—  —  _- 

I..:^ad 

^ 

Loss/. 01 

Loss/. 01 

Less/. 01 

Nitrate    as 

N 

Loss/. 05 

0.2 

0.2 

^ 

Nitrite    as 

N 

Less/. 005 

.01 

.02 

C 

Iron 



.80 

1.00 

Totat   Phosphate    as    P 

Loss/. 05 

.  18 

.  15 

Sulfate    as 

SO4 

1 



Sulfide 

2.5 

—  ^  _ 

Su  I  r'itG    as 

SO3 

I.  >ss/2.0 



—    -  ^ 

y.  ^rcury 

^--3/.^'01 

^    :-'j/.  ,101 

r,- 

ps/.OOl 

X  i  »:kel 

T    v-.:5/.C)5 

'       -    :V'.05 

T, 

rs/. 05 

S  i Iver 

.019 

I.  -J.;/ .  (i02 

T,:.. 

SS/.002 

SLront  ium 

.  10 

.  10 

.  11 

Tin 

L-ss/.OOl 

Ljss/. 001 

To 

ns/.OOl 

Zinc 

.017 

.  012 

.008 

.-vr.~onia    as 

N 



.2 

.  i 

■To■■.^l    KjoK- 

:ahl 

.\'i  t:-o:j3n    as    N 



.7 

-5 

Total  Coliform 
Foc.il  Coliform 


Lgss/2 
Loss/2 


MPN^pof    1_00  jnls 

1,600 
920 


92  0 
350 


Rosp  'c'L  fully.  <vl--,p,i  tted. 


Mike    No  1 3on 


MN  :  V  s 


^- 


'■^ 


I  Testing  Laboratories,  Inc. 


Certificate 


Oj*iTii.-<;ryMJcn.Ki  vT  anci  Tixhnh.'(il  S-tviccs 


c^^T    Jackola   Engineering  Co. 
575    Sunset   Boulevard 
Kalispell,    MT      59901 


\^^ 


0^^ 


.  -h 


c^ 


LA80SUTOSTNO  712  87 

TAie     Sept.     29,     19i 


ci.K.f>TOH  WATER 


■N^f.Tif,;*TiON  Marked 


T2%TS  FtR»OBW£D 


Sample  ^^13   Camp  Aqua,  Hot  Springs,  MT 
B.  Hallstrom   9/8/80   11:30  AM 
Goothermal  Well   118°F  12PSI 


Total  Coliform,  MPN  per  100  mis  Lcss/2 

Fecal  Coliform,  -«PN  per  100  mis Loss/2 

pH,  glass  electrode  at  25°C 8.5 

Color,  units  5 

Odor,    threshold    odor    niutibor 1 

!:ephelometer    Turbidity,    units 0.5 

; -  J  r  t  s  po r    mil 1  ion 

Cirrjon    Dioxide 1.5 

-"ot.il    Hardnoss    -       - 7 

Total  Alkalinity  as  CaCOa  289 

Iiydroxide  Alkalinity  as  CaCOa  0 

Bicarbonate  Alkalinity  as  CaCOs  259 

Bromide Tx.-.^s/.l 

Chloride 29 

Fluoride 5 

Iodide  Less/. 1 

Sodium 150 

Potassium 4.6 

Calcium  6 

.Vjgnosium. .8 

Aluminum  r .04 

Anti.-?ony .15 

Arsenic  Less/. 005 

BarivjT. T,?ss/.02 

Cjdmium  Loss/. 002 

Carbonate  Alkalinity  as  C3CO3  30 

j^'jit^V    T«.»  ■e.o-'  .i«,6->ii»<3  ro<  ih»  »•;._»  .eu»»oin«;»»j'<  t«i   s  lis.  .    ..  ,^  ••■a-  to  »-s;"  n  ■•  »J5  •»»»3  S^^^•<3-•■''  i.»»ol  i' »  '*.-»«  c'  i'  •  z>-^-f  o*  »-">t 
«*'    ,  •  ^|\   .-^-:«'0<  .-1  »••"  .nco"r-»c'.on«  ;^  ("^ua.*"*  "JO-  \t  to'  »-i  ;■ -J-ci  o'p  ot.sj  «     tt  ;«iv'3  o"  /  oncci'*;!  Th.»  co.-i;*?',  kc9C'>  •'©•••>y»  >  ''t  ••:•«» 
V'^x^.%y  la,  t'^  :^t  ^♦»^>-^«^>c•ol  .-•§.>«!  i''  •■>a  o' •-«')»  »  '^.sc«^'».t^»■'a•cc:'^  -  J  lOCt'l.  •»0<ll-«l»J«»r<Jof  Kf-C* 


m^&'' 


>  Testing  Laboratories,  Inc. 


-^ 


-iS^ 


oc^ 


'Oj 


.  d  ^    Certificate 


Ch  iniNiry  MicnHi.\'y  aixl  Tov:hnk;ciI  Services 


^^\^ 


ci.  tNi   Jackola  Engineering  Co. 
5  75  Sunset  Boulevard 
Kali spell,  MT   5  9901 


L*9o=uTOBTMo   7143  7 
'»'E  Oct.  3,  1080 


BtPOBTON 


WATER 


:-.:;tSI.FiC*TiOM 


»VD  P'<;_'..TS 


Marked:   1)   Sample  #14   Camp  Aqua,  Hot  Springs,  MT 
B.  Hallstrom   9-15-80   11:15  AM 
Little  Bitterroot  River   Out  flow 

2)   Sample  #14   Camp  Aqua,  Hot  Springs,  MT 
B.  Hallstrom   9-15-80   11:00AM 
Little  Bitterroot  River   In  flow 


parts  per  million   _ 
1  2 


Nitrate  as 

N 

2 

Nitrite  as 

N 

.  050 

.'>■  :~on  ia  as 

N 

.  1 

Total  Kj-'lc 

.ahl 

\"  i  '  ro  j.">n  as 

,  U 

.A 

:"o':al  rriOL^phate  .i 

s  P       .1 

Silver 

Loss/. 002 

St  ron tium 

.20 

Tin 

r-oss/.002 

Zi  nc 

.045 

Aluminum 

1.6 

Ant  imony 

Less/. 05 

Arsenic 

Less/. 005 

Barium 

.  13 

Ca.lmium 

Loss/. 002 

Chromium 

.004 

Copper 

.011 

I  ron 

1.2 

0.  1 
.02  0 
.  1 


L-ss/. 002 
.20 

T.-^ss/.  002 
.015 
1.9 

r^?ss/.  05 

Loss/. 005 
.  11 

Loss/. 002 
.  004 
.  009 
1.3 


f 


-r/j    lorf^O^i*  r»^cxr«'>c»o'l''>r«c'  on  t^lCK  ar^tt^,,,  In  jooO  U'ln  •-'I  •.ictxd'ng  10  IM 'k.'*<  c'  !•-•  1'»«»  ••VJ  e(  tc  •'tea. 


Tkstin^  Laboratories,  Inc. 


p,C-Cf-'^^0  ^^^ 


Certificate 


aicnistryMicTCtfcJocy  and  TechntaJ  Services 


ou6»iT      Jackola   Engineering  Co. 
5  75    Sunset   Boulevard 
Kalispell,    MT      59901 


LAO(>uTOf»t  Ma      7143  7 
c>'«    October   6,    19 


fiovnoM 


WATER 


IHSStTV-CJkTiCm 


Marked:   Sample  #10   Well  Tap  Camp  Aqua 
Hot  Springs,  MT 

B.  Hallstrom   8-8-80   11:15  AM 
118°F   IIPSI   Geothermal 


Methane 0.  137o 

parts  p3r  million 

Ethane  Less/5 

Propane  Lcgs/5 

Butane  r,-ss/5 

Robpoct  fully  -ul,:nitt-^d  , 
Laucks  Testing  Lahiorator  ios.  Inc. 
^  /  r  '^      .   •     ^  ' 

Timothy'^.  Ri-.nya/i  '   '  ■  /  ^  ^  "- 


TER:ks 

l«  lA*  au*  partermarc*  of  lna^<*ctio«  »^d«r  •A*l)a4  W^  good  tanft  krid  te..  J<^ -^J  10 IM  rv.  J I  oJ  1  > .  I -1^  tnd 


^^■.  ^ 


'> 


(. 


C' 


c 


■~\ 


15  copies  of  this  public  document  were  published  at 
an  estimated  cost  of  $1 0.00  per  copy,  for  a  total  cost  of 
$150.00,  which  includes  $150.00  for  printing  and  $.00 
for  distribution. 
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